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nection with the submission of such data, Grumman or the Government shall
have the right to duplicate, use, or disclose these data to the extent
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the Government's right to use information contained in such data if it

is obtained from another source.
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FOREWORD

This technical report accompanies a proposal submitted
in response to the Grumman Aircraft Engineering Corpo-
ration, Long Island, New York, in response to Request

for Proposal No. T-502705, dated 6 August 1962.

ABSTRACT

A Quality Assurance plan and a Reliability program for
performance under the applicable Grumman requirements
are p;esentedo Included are statements of policies
and objectives, a description of the operating plan,
and procedures for accomplishing the plan. Detail
examples of Hocketdyne inspection, specification, en-

gine log, instrumentation, and control stamp books and

forms are appended. Z4i4b€i;.

(Unclassified Abstract)
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INTRODUCTION

The quality assurance and reliability programs of Rocketdyne are integrated
with respect to policy guidance through the director of Quality Assurance

and Reliability.

Because of the intensive requirements for reliability at the point where

reliability must originate--in Design Engineering, the reliability organi-
zation reports to an engineering manager who reports to the chief engineer.
The reliability program has been written separately in order to define its

functions precisely.

The manager of Quality Assurance reports directly to the manager of the
Rocketdyne product operation in order to provide strength and effective
management to this vital function. The quality assurance plan, like the
reliability plan, is presented separately because of the specialized

position of this function in Rocketdyne management.

This is not to say that the only coordination and integration is accomplished
through the policy guidance of the director of Quality and Reliability. Co-
ordination of these basic functions takes place on many levels of the over-
all Rocketdyne operations, as illustrated by the activities of the various
reliability working committees described in these plans and by the details

in the quality control manuals, which contain procedures that implement the

quality control system.

R-3729P . 1
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The following information is submitted in response to and in accordance

with the instructions outlined in The Boeing Company General Proposal

Instructions for LEM, Page 6, "Quality Control Requirements".

1.

4,

It is estimated that approximately 30 (average per month)

quality control personnel will be assigned fo rhis program.

The ratio of quality control production personnel to manuf-
acturing production personnel applicable on this program is
estimated at approximately 1:5 respectively, This ratio

applies to all fabrication, shipping, and associated manuf -

acturing operations.

There are several quality control management types who will
be associated with this program. The managewent structures
and organizational levels for the guality control operation
are described in the Quality Assurance Plan for The Boeing

Company, Figures 1,2,3, and 4.

A Quality Control Management resume is contained within the
content of The Boeing Quality Assurance Plan under the head-
ing of "Management Structure" (2,1)0 Personal resumes of

Quality Control Management personnel are contained in other

portions of the Management Proposal.
Skill levels of quality control personnel that will be assigned

to this program are referred to within the contents of The

Boeing Company Quality Assurance Plan.

R-3729P
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RELTABILITY PROGRAM

The Rocketdyne reliability program is based upon the thesis that careful
and thorough performance of certain disciplines and tasks leads to a
more efficient attainment of reliability in liquid rocket propulsion
systems., These disciplines are mandatory for the high reliability

requirements of the LEM.

Reliability improvement can only be attained by action with construc-
tive influence on the design, manufacture, or use of the propulsion
system, With strong emphasis on this, some of the more important facets
of the reliability program at Rocketdyne are described in detail to
indicate that Rocketdyne employs a wide spectrum of reliability disci-
plines, and to discuss specific application to propulsion systems as
developed by Rocketdyne. An integrated program, from concept to use,

is first outlined to show the manner in which the various tasks supple-

ment and support each other.

REPORT ORGANIZATION
Management, Organization, understanding, and support of the reliability
program on the part of Management are discussed first because of their

importance in the areas of design, manufacture, and use.

Training. both educational and motivational, is discussed separately

for the same reason.

Reliability Analysis, Prediction and Model, evaluating all available data

from past experience, estimates the reliability that way be attained by a

RooT2 AR — 5
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careful development program of the scope defined by requirements, budget,
and schedule. Construction and analysis of a reliability wodel focuses

attention on critical areas and often suggests design improvements.

Malfunction Analysis, again using all past experience and knowledge of

requirements and environment., analyzes the design for potential modes of
failure. This is helpful in the Reliability Analysis function. 1t is

used in design review and in planning development tests=,
In the design phase, much information in usable form is provided the
engineers. Subjects with a strong emphasis on design are discussed

before secondary topics, such as data.

HBuman Factors Engiveering involves the systematic consideration of mwan/

machine interaction problems and their alieviation by design and proced-
ural improvements. This group is directly involved in reliability moti-
vation, systems testing, persomnel subsystem developwent and other

reliability improvewent efforts.

Maintainability includes the human factors consideration. but goes fur-

ther with a strong drive to decrease maintepnance requirements. Many
reliability analysis techniques are applied to maintainability, and the
two subjects are further coordinated in Design Review, Maintainability
is considered in the design phase of the engine prograw to ensure that
it is part of the original engine system concept. [t is therefore dis-
cussed under Design Review. Additional tasks are discussed under

Logistics.

Value Engineering, a systematic and imaginative consideration of how the

required functions may best be achieved, not only reduces costs, but the

attendant simplification often benefits reliability.

A G0 TN Al T R-3729P



UV L IV AL

’! FRCPC < & N EP% "WF.

Hardware Protection (Packaging), Drawing Review, Production Design consider-

ations, and Specification and Standards review and coordination are described.

Design Review, a meticulous assurance that the design requirements are under-

stood and that all possible use is made of past experience (malfunction analy-

sis, checklists, etc.).

The separate section on Quality Control describes the effort and controls to

obtain hardware consistent with the design as expressed by drawings and spec-
ifications. Vendor controls, for example, are discussed in detail, so will

not be repeated under the Reliability Program other than to ensure that man-
agement provisions exist for thorough coordination and reporting. Additional

effort by the Reliability Group is illustrated by the following.

Reliability Testing discusses basic philosophy of development and qualifi-

cation testing,

Statistical Test Design techniques for efficient planning and analysis of

these tests are used throughout the program. This discipline is a powerful
tool in unifying concepts and their applications, failure modes, environ-

ments, overstress testing, evaluating reliability progress, etc.

Reliability Assurance requires special discussion due to the difficulty

of obtaining statistical confidence for very high reliability values.
Overstress testing concepts are discussed as an efficient method of obtain-

ing this assurance.

Data Reporting and Analysis systems are required to retain large quantities

of valuable data and permit digesting, analyzing, and reporting it to those
who must see that it is incorporated into improved design, manufacture, or

use.

R-3729P 5
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Failure Analysis effort is applied to all failures experienced, running

the gamut from laboratory amalysis of failed hardware, to human errors
in working with the hardware. A strong effort is made to trace the fault
beyond secondary results to the original cause. Problem followup status

is maintained.

Failure Recurrence Control then seeks to correct the fault, or lack, that

permitted the error, often requiring training, procedures, or management
controls. This must be established in a form so that the experience is

retained.

The third area of control to increase achieved reliability, Use, is dis-

cussed in the Logistics section. Specific contributions of the Reliability
Group are discussed under Human Factors, Maintainability, etc. The efforts
of both groups are closely coordinated; the Reliability Group, for example,

maintains a common failure data system.

RELIABILITY PROGRAM MANAGEMENT

Reliability is a management responsibility. The broad scope of a reliability

program requires definite provisions for pelicy direction, procedures, and
coordination, and for monitoring the reliability efforts of all departments

concerned. This is accomplished by the following organization.

The Rocketdyne Reliability Policy Board, with the Rocketdyne president,
executive vice-president, and major division heads as members (Fig. 1 ),
is responsible for policy direction, and creating a receptive atmosphere

so that necessary procedures and controls may be instituted.

6 T R-3729P
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The director of Quality and Reliability is specifically responsible for
these functions, coordinating and monitoring the reliability program of

the various Rocketdyne divisions.

Space Engines Product Operation

The manager of the Space Engines Division, responsible for the design and
development of the LEM, has appointed a Reliability representative reporting -

directly to the chief engineer.

The Reliability representative, together with the Reliability Central Group,

translates the LFM reliability objectives into a reliability program. He

defines tasks and schedules, allots budgets, monitors progress, and reports

to management on status or requirements of the reliability program. When

action is required on reliability problems, the representative has the

authority to secure action from various groups within Rocketdyne to resolve

these problems. Where it is necessary to accomplish special objectives, -
task groups are formed within the existing line organization. Any dele-
gation of assignments of this nature by the Reliability representative are
accomplished through the various functional division heads. He is charman

of the Reliability Working Group.

The Space Engines Reliability Working Group, with members at the working
level from each department (Fig. 1 ), meet regularly to effect action in
those areas requiring coordination among the various departments. Each

representative reports directly to his department head, and minutes of the -

meetings are sent to all Reliability Policy Board members.

8 el R-3729P
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Implementation of the Space Engines reliability and maintainability

efforts is allocated to the Reliability Subdivision for execution

Reliability Subdivision

The Reliability Subdivision is a part of the Rocketdyne Engineering
Department, and, as a central group of all Rocketdyne reliability activi-
ties, is in the strategic position to influence and direct reliability
activities from the initial concept through design, development, product
manufacture, and acceptance, to its usage by the customer. The Reliability
Subdivision is headed by a manager, who reports directly to the chief
engineer of the Liquid Rocket Division of Rocketdyne. The reliability
manager is also a member of the Reliability Policy Board described

earlier.

This group, with specialists in all the areas discussed in the succeeding
sections, formulates basic reliability pi:tilosophy. procedures, and sched-
ules. It assists the Reliability representative in casting these into

work statements which he then monitors for satisfactory fulfillment.

Through the disciplines subsequently described, this group focuses atten-
tion on possible problem areas., and pinpoints the features that require
further effort to enable the attaimment of required reliability goals.
When areas of deficiency are noted, the responsibility for action lies
with the particular group or department responsible for the occurrence

of the deficiency, such as Engineering, Manufacturing, Quality Control,
Logistics, etc. The Reliability Engineering Subdivision is responsible

for followup to ensure that corrective action is taken.

R—3729P '—”-l---—--.—..-... 9
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Procedures have been established within Rocketdyne to ensure that the Relia-
bility Subdivision is the focal point of all reliability data. Informa-
tion regarding tests in progress, failures during tests, field experience,
etc. is routed accordingly for examination. These analyses serve to inform
Management and all departments of progress, such as what components need
action, and actual product reliability. This information and subsequent

action are essential to the success of any reliability program.

A senior reliability engineer is assigned within this group to ensure that

all necessary action on this specific program is accomplished as required.

Many procedures have been established at Rocketdyne to ensure product relia-
bility. These activities have been incorporated into the Rocketdyne Opera-
ting Policies and Procedures Manual, Engineering Procedures Manual, Drafting
Instruction Manual, and Quality Control Operating Procedures, etec. Such
items cover a variety of subject matter,as they are company wide in scope,
and are applicable to various phases of reliability such as in design,

test and development, processes and specifications, manufacturing, quality
control, vendors, material, safety, packaging, calibration, field service,

etc.

THE RELIABILITY EDUCATION AND TRAINING PROGHAM

The scope of the program includes the skill and motivation training of

all personnel affecting the reliability of the product.

The purpose of the skill training is to improve reliability through appli-
cation of the latest and best-developed methods of engineering, manufactur-
ing, quality control, and material procurement techniques. This appli-
cation can only be obtained through the education of the people within

these activities.

10
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This training and education will be implemented through the Rocketdyne
policy of educational aid (i.e., partial payment of tuition in local
colleges and universities) and through training courses within the

company .

The purpose of motivation training is to generate, within personnel, the
desire to accomplish highly reliable tasks through awareness of the impor-
tance of their efforts as an integrated part of the national space
endeavor, The ability of management to 1nstill this awareness will

determine, to a large extent, the final product reliability

Reliability Analysis

A high degree of reliability of the LEM propulsion system 1s required to

ensure the crew’s safety and the success of the mission,

The development efforts are directed toward this end and are greatly en-
hanced by the efficient use of proved analysis techniques. which are de-
scribed below. Among these techniques, the most effective is the mal-
function analysis. These methods are currently employed, and the results
derived from their use are continuously revised, taking into account
subsequent better-defined mission requirements and improvements in hard-

ware and procedures resulting from the development program

Malfunction Analysis

The malfunction analysis is a description of possible modes of failure of
a component, subsystem or system for the purpose of focusing attention on
areas where changes and/or modifications in design or configuration could

result in a worthwhile gain in reliability.

R-3729P . H
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The listing of possible modes of failure of the components, subsystems,
and systems, and of stress conditions that might induce each mode in the
anticipated environment, will provide a solid basis for analysis by

design review and for investigation of ways to counteract such incidents.

In the search for areas of weakness, the analyst seecks answers to the

following questions:

1. What are the possible modes of failure of the component? -
2. What are system consequences of each mode of failure?

3. How well defined are environmental loads? -
L, How sensitive is the functional output or strength of the

component to variations in the level of environemmntal loads?

5. What are the margins of strength, factors of safety, and

other key design considerations that have been employed?

6. What is the predicted likelihood of failure?

Expected probability of occurrence of the various modes of failure is
derived from applicable experience on similar components or elements of

components.

The malfunction analysis is used: (1) to provide a check on the design
to focus attention on those areas most likely to fail as well as those
malfunctions that have the most serious consequences, (2) to provide a
basis for designing an optimum malfunction detection system, and (3) to
define anticipated modes of failure as a basis for statistical test de-
signs and detail test objectives. In addition to the malfunction

analysis, significant efforts are expended to continue to explore other

reliability methods.

12 CUORIT I 8 i . . R—3729P
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Reliability Comparison Studies

Through reliability systems comparison studies performed at an early stage
during the development program, the designer is provided with a comprehen-
sive evaluation of the relative reliability of alternate systems of sub-

systems under consideration for the desired requirements.

Component and system Redundancy Studies

The achievement of complete redundancy in subsystems or components that
are in themselves complex, requires more than simple duplication of parts.
Even a relatively simple component, such as a check valve, may not permit
the attainment of complete redundancy by such a simple method as the
addition of an extra component. Based on the failure mode analysis and
the estimated probabilities of occurrence of specific modes in individual
components or subsystems. mathematical models are formulated based on
varying degrees of redundancy. Full consideration 1s given to the
interrelation of failure modes in redundant systems and these studies
assist in determining which is the best and the most economical way of

increasing reliability.

Manrating and Malfunction Detection Studies

Exploration of the techniques previously described are directed mainly
toward the selection of the most advantageous means of developing the
highest possible mission reliability. with the ultimate assurance of
maintaining the safety of the crew. Reasonable compromises in mission
reliability may be necessary to increase the safety of the crew; a mal-
function detection system, included to limit the seriousness of the con-

sequences of a malfunction, may decrease the mission reliability through

R-3729P i s 13
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the chance of an erroneous malfunction signal, while increasing the
safety of the system. In this area, malfunction detection systems are
being investigated and analyzed to reduce to a minimum the degradation

of mission reliability.

Reliability Estimation

At significant development milestones, reliability estimates are com-
puted from results of applicable component and system testing. to in-
dicate the growth of reliability. This is done by estimating the

system reliability from the individual reliabilities of the various com-
ponents which constitute the system. The evaluation of the estimate is
based on data from applicable testing performed during the development
and acceptance test programs, adjusted to be comparable to the exposure
hazard encountered during a mission, through the use of a mathematical

model,

For a specific mission requirement, individual component reliability

values are obtained in the form

-t

R = (1-p)J e (1)

where

p = combined transition failure probability of a siart-stop cycle
j = required number of start-stop cycles
A = failure rate of the operating component

t = required operating time

14 R-3729P
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Then for a system of components in series the system reliability is:

n . n
R=T (lnp,)J e exp -E: )_, t, (2)
. i . i i
i=1 i=1
where
j = the number of required actuations of the i1th component, and
n = the number of components in the system,

The use of Eq. 1 to determine component reliability is as follows: All
the malfunction data derived from engine testing are reviewed,and the
failure effects are analyzed. The malfunctions that affect engine opera-
tion in such a way as to cause a mission failure are considered critical

failures, and are categorized into three classes:

1. Start-stop Cycle Phase, Critical failures that occur during
start or shutdown phases are placed in this class, e.g., pro-
pellant valve failure to open at start, or slow in closing at

shutdown,

2. Engine System Firing Phase. This c¢lass includes the critical
failures that occur during engine system firing e.g., thrust

chamber jacket burn through during the run.

3. System Pressurized Phase. Critical failures that occur in a
pressure-fed system when the system is under static pressure
and engines are not firing are placed in this class, e.g.,
propellant tank flange pneumatic leakage when system is in

pressurized state between firings.

R-3729P e 15
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The test data from engine firings are used to find the number of test
exposures for components, component accumulated firing time, and component
accumulated time when the system is under static pressure. With this
information and the malfunction data categorized into the three classes,

the following are calculated for each component:

1. Ratio of successful start-stop operations to total number of

start-stop operations (S/Ng equivalent to I-p in Eq. 1)

1 .
2. Engine firing phase Mean-Time-Between-Failure (MTBFf = ———)
%'f
3. System pressurized phase Mean-Time-Between-Failure
(yTBFp = —if— )
p —

In addition to the above information, i1t 1s necessary to establish the
mission requirements for which the engine system reliability is to be
determined, viz,

1. Number of start-stop cycles (j)

2. Total firing duration (tf)

3. Total time system in nonfiring pressurized state (tp)

With the mission requirements defined, Eq. 1 is used to determine the

individual component reliabilities.

Environmental Criteria Study

An envirommental criteria study is prepared to ensure that all personnel
associated with the design and development of environment-sensitive

hardware are cognizant of the magnitudes of the various environments -

16 AT N A R-3729P
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detrimental to performance and reliability. This criteria study presents

a single coordinated summary of the environmental condition and intensities
that an engine system will be exposed to during transportation, storage,
and operation, This document serves as a guide during design, development,

and testing.

An important initial step in design formulation is the determination and
gpecification of the enviromnmental conditions to which each component will
be subjected. This information is later verified, where possible, by
system and subsystem testing, and provides a basis for environmental test-

ing and qualification.

The environmental criteria study first determines the typical life cycle
of each component, This 1ncludes such operations as checkout, assembly,
transportation, acceptance test, missile assembly, launch and firing.

Each operation involves exposure to varying degrees of environment. The
conditions relating to a specific component may be quite different from
those ambient to the whole engine: for example., a component located near
a heat source or sink will experience temperature conditions that may

differ considerably from the ambient.

Environments considered in the analysis include the conditions of pressure
altitude (including vacuum conditions) and associated problems of corona
discharge or arc-over in electrical components. zero gravity, vibration,
endurance, radiation, ignition proof, radio interference, and temperature
encountered in engine operation and shock, corrosion, fungus, humidity,
and sand and dust usually encountered in storage. transportation, and

handling.

R-3729P ANRICInC AT i 17
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Levels of these environments expected to be encountered i1n storage,

transportation, and operation are determined. Based on these values, —_
levels are recommended for R&D test and qualification tests This 1n-

formation is distributed to design and development engineers to pro-

vide a basis for formulation of the design and planning of the develop-

ment test program.

Tests on the subsystem and system levels are 1nstrumented to verify
environmental conditions created by the system  The c¢riteria are then

revised to more realistically represent the actual component environments.

HUMAN FACTORS ENGINEERING

Lunar Excursion Module engine systems must be capable of being fabri-
cated, handled, tested 1nstalled, maintained. and used withoat degrada-
fion of inherent design reliability, and without 1ncurring hazards
relative to their final operational employment. 1t 15 particularly
important to forestall degradation of systems reliability by human error
variability. when complete and fully operational systems are to be re-
quired on compressed time schedules. A preventive reliability program
in the human factors area serves to minimize human error through
assurance of appropriate equipment design and the use of effective
procedures. This effort includes activities related to design, develop-
ment, manufacturing 1nspection and mainteunance of the system, as well
as development testing, operational demonstration transport, and opera-

ti1onal use

Human Error Investigation

A significant proportion of the causes of test malfunctions or delays and --

component failures or difficulties are directly attributable to human error,

1.8 oo, R-3729P
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A Reliability human-factors engineer is assigned the responsibility for
monitoring the failure reporting system, and reviewing all reports that
are directly or indirectly attributable to human error. Surveillance
is maintained over human error reported through various reliability
test, demonstration, qualification, production monitoring, and field
data reporting programs. The engineer is responsive to other reports
from project engineers and test personnel regarding human-initiated fir-
ing stoppages, damage, malfunction, or difficulties associated with the
servicing, inspection, handling, operation, or maintenance of the
engine system and its related ground support equipment and facility
interfaces. He personally observes the operation and handling of the
engine system and associated equipment in various locations, to help
find all possible sources of human error or difficulty. The analyses
of the causes of such difficulties are oriented toward finding suitable
corrective action, namely, design or procedural improvements, which
will help to prevent the recurrence of this type of potential
difficulty.

Human Engineering Surveillance

The design of all man/machine interfaces should be in accordance with
generally accepted human engineering design principles and practices.
These design criteria provide for maximum simplicity and ease of handl-
ing, servicing, and operation. An attempt is made to ensure that the
design prevents, or is maximally resistant to, the sources of human
error anticipated in the operational environment. An attempt is made
to minimize and simplify the maintenance, storage, and handling proced-
ures. Careful attention is paid to the procedures for the diagnosis,

confirmation, and replacement of possible malfunctions.
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Potential personnel hazards are reduced or eliminated through the use of
design features that minimize the possibility of accidents. Consideration
is given to those interface areas of design between Rocketdyne and other
contractors, which have implications relating to personnel skill and train-

ing requirements, job aids and manuals and test and evaluation procedures.

Emphasis 1s placed upon the system 1ntegration relative to human factors,
of the engine system and 1ts associated equipment 1n assembly test facil-
ities, and the vehicle. The wmmplications relative to training require-
ments and training equipment manuals of operating and maintenance 1n-
structions. and the evaluation of on-the-job skill or proficiency factors
are carefully considered Rocketdyne also condacts human engineering
evaluations to verify the adequacy of human task performance. safety. and
human reaction to the system relative to the operational hardware 1n the

operational configuration and working environment.

System Test and Evaluation

Despite careful design and component development tests. 1t has become
increasingly obvious that 1n the development of complex systems, 1n-
dependent or collaborative operational systems. tests and evaluation
procedures are vital to the atiainment of maximum systems effectiveness
or operational capability Special systematic operability tests are
conducted to ensure and verify the suitability of human factors provi-
sions, the engine/AGE,personnel compatibility and the correctness,
clarity. and adequacy of procedural instruactions. Equally i1mportant is
the necessity for system re-evaluation tests. to ensure the suitability
of modification kits procedural changes and changes of parts, materials,
or sources of supply. The objective of this effort 1s therefore_  the
evaloation of the operational effectiveness of the propulsion system

under operational criteria

20 R-3729P
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The operability verification tests are conducted under the technical
cognizance of reliabi1ity/human-engineering personnel, and in close
collaboration with the responsible engine systems, ground support equip-
ment, maintenance analysis, and handbooks or procedures groups. These
tests are conducted by a special test team to verify the ease of opera-

tion, servicing, handling, and maintenance of Rocketdyne equipment.

Reliability Motivation

In the implementation of the reliability training program, the services
of human-factors consultants are available to analyze the requirements
and outline a program for constructive training. Human factors will
also be considered in providing reliability communication and informa-
tion in a manner that ensures greater retention and utilization of

practical experience and the benefits of the training.

The use of special motivational training techniques, such as audio-
visual devices, are employed in certain critical areas. This is done
on a limited basis, following careful study of the actual need and
optimum programming techniques that should be employed. Review of pro-
posed motivational training aids or programs is made by a qualified

psychologist from the Reliability Human-Engineering staff.

Personnel Subsystem Analysis

Technical guidance is provided to the personnel responsible for personnel
subsystem basic data development below the level of the systems analysis

function, including development of the Systems Functional Flow Diagrams,
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QQPRI, Task Index with time line, Position-Equipment Task Summary,
Training Requirements, Training Equipment Justification, Technical
Manual Requirements, and the basic field requirements for the collec-
tion and validation of PSS data. A human-engineering review 1s pro-

vided for, as required, on all personnel subsystem data and documentation.

MAINTAINABILITY

Maintainability for the Lunar Excursion Module is defined as those design
features that make it possible to perform the required maintenance in
space to meet mission reliability and safety objectives. and to perform

the necessary ground maintenance with the minimum expenditare of effort,
Maintenance is defined as an accumulation of all the actions necessary to
make ready for use, maintain, and restore the LEM propulsion system to an

operating condition.

The Rocketdyne LFM maintainability program consists of:

1. Defining maintainability objectives

2. Designing for maintainability

3, Predicting maintainability design characteristics
L. Reviewing and evaluating maintainability features,

Maintainability Objectives

Maintainability features must be considered in the design together with
performance, reliability, cost, etc. Subsystem and component maintain-
ability objectives are prepared in the form of design checklists to

provide the design engineer with basic maintainability guidelines.

09 i R-3729P
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Design for Maintainability

Maintainability as a design parameter is taken into consideration in all
design decisions. 'Maintenance time and material resources such as spares,
tools, and expendables, comstitute the measure of maintainability for a
given design or design approach. Maintainability. performance, and re-

liability are considered together 1n achieving good design.

The following maintainability principles are used as guidelines during

the design of the vehicle propulsion system:

1. Design to minimize the complexity of maintenance by maximum
use of simple design. which eliminates or decreases the re-

quirement for maintenance.

2. Design for positive recognition of equipment malfunction or
marginal performance and positive identification of replace-

able parts.

3. Design to require a minimum number of tools, test equipment,

and spare parts.
L' Design for optimum accessibility.

5. Design so that the mean time to accomplish maintenance work

is sufficiently low to ensure mission success.

Maintainability Predictions

Maintenance task analysis is the analytical tool utilized to predict the
maintainability characteristics being incorporated into the design. Sub-
system and component designs are analyzed in detail to determine all pos-

sible tasks, the number of personnel required, the work location, and the

R-3729p 23
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tools and expendables required for each maintenance action. Maintainability
predictions are accomplished concurrent with design progress. and permit
analytical evaluation of the design at a time when maintenance requirements

may most easily be incorporated.

Maintainability Review and Evaluation

The established Rocketdyne design review function includes a formal examina-
tion of all designs for maintainability characteristics. to ensure adequate

considerations to the principles outlined above.

Maintainability features are evaluated during the normal course of pro-
pulsion system development and acceptance testing by collection and evalu-
ation of maintainability data. Human Factors representatives critically
examine the engine support equipment, manuals, personnel and the complex

to ensure good performance of the integrated system

VALUE ENGINEERING

Rocketdyne maintains a comprehensive Value Engineering program as a regu-

lar part of its efforts to eunsure maximum effectiveness 1n contract per- -
formance. Consequently. cost estimates for this proposal are based on

the anticipation of normal improvements and cost savings due to Value

Engineering effort.

Value Engineering Staff

A full-time Value Engineering staff reports directly to the manager of
the Reliability Engineering Subdivision, Staff members are qualified
specialists, chosen for their broad backgrounds 1in design production,

procurement. and quality control. All have received special training.

ol I | R-3729P
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and are experienced in Value Engineering staff activities. The staff is
responsible for directing and assisting in the performance of Value
Engineering program activities. In addition to the central staff. two
other Value Analysis groups are operational in the Manufacturing Services
Organization and in the Material Division Cost Reduction Group. Manu-
facturing Services reviews tooling and planning concepts for internal

cost control. and the Cost Reduction Group is responsible for motivating
suppliers to assist in the cost reduction analysis of supplier designs and

processes.

Motivation

A continuous program of general education 1s conducted to impress program
personnel with the need for value engineering. the techniques used, and
the results that can be accomplished These themes are maintained through
staff newsletters and reference publications by means of posters. ex-
hibits. product and process displays. by brochures. briefings and demon-
strations directed to special groups. and by generally available staff

consultation and assistance.

Specialized Training

A regular training program in the detailed understanding and use of value
engineering techniques i3 conducted for key program personnel in all
departments. The training is accomplished by means of a 36-hour seminar,
during which trainees receive 16 hours of instruction in the organized

system of techniques known as the Value Engineering Work Plan. This plan

R-3729P 25
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is essentially a six-step problem-solving procedure incorporating the best
available techniques for planning the problem-solving effort. promoting
thorough understanding of the problem situation. guiding precise definition
of the subproblems, concentrating effort where it 1s most effective, stimu-
lating creative thinking, assessing thorough cost-oriented evaluation of
alternate solutions, and facilitating approval and execution of recommenda-
tions. An additional 20 hours are spent in practical team application of
the approach by studies of current hardware designs Sound recommendations
arising from the studies are incorporated tnto the actual design and pro-

duction processes.

Value Study Teams

The primary objective of the Value Engineering effort 1s to eliminate all
unnecessary program costs, while maintaining the functional performance
and reliability required of the end 1tem. Key tool in accomplishing this
objective is the Value Study Task Team. A safficient number of task teams
are organized to maintain the planned level of Value Engineering effort.
Team members are designated by the responsible design and production groups.
and a staff value engineer is assigned to each team During component
design. the teams conduct comprehensive analyses of the concepts embodied
in the designs, leading to recommendations for changes 1n the design ap-
proach and for establishment of plans and concepts of tooling. procure-
ment, fabrication, and quality control. Specifications environmental
parameters, performance criteria. maintenance requirements tolerances,
and finishes are examined and questioned. to ensure maximum simplification
consistent with the necessary functions of the component Studies are
coordinated with Reliability Design Review schedules so that recommenda-

tions may be incorporated for Design Review Board consideration,

26 R-3729P
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Documentation

Recomﬁendations resulting from value study action are presented in a
written report addressed to those responsible for the affected effort.
The report consists of a summary of the study effort, and a description
of the recommended changes, estimates of cost, and weight or reliability

improvements,

Files of these reports are maintained by the Value Engineering staff. and
systematically checked to determine action taken on the recommendations.
Study activities and adopted recommendations are described in contractu-

ally required reports, -~
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PRODUCTION DESIGN

Hardware Protection System

The objective of the hardware protection system 1s (0 provide primary
physical and auxiliary chemical protection to the Lunar Excursion Module
propulsion system and supporting hardware throughout the entire hardware
life cycle. from raw materials to customer usage and/or storage. This

is accomplished by the application of protective devices such as closures,
enclosures, supports. containers, and supplemental environmental control

systems,

At the same time that materials, processes, design. and systems problems -
are being evaluated and solved the protective system for packaging,

handling. transportation and storage 1s analyzed relative to the pre-

vention of reliability degradation during all functional phases. The

general concept and performance requirements for the over-all protective

system for the engine subsystems, and major components dre defined and

documented.

An analysis is made of all conditions, starting with the details of

manufacture and ending with the complete Lunar Excursion Module propul- --
sion system, encompassing twelve major areas: shipment to Rocketdyne,
Rocketdyne receiving, inplant handling inplant storage 1interplant
movement, customer shipment customer receiving, and customer handling,
customer storage. customer usage, and organizational inter-relationship
of the above areas. A program is maintained to mmprove the motivation
and skills of personnel handling the hardware during the many phases

involved,

R-3729P
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Drawing Review

The reliability checking activity checks engineering drawings, equip-
ment specifications, Engineering Orders, Specification Control drawings
and related engineering data for conformity to established manufacturing
and engineering practices, and for practicability and completeness of

thought and presentation.

The checking activity calculates the fit, feasibility of manufacture,
and in many cases, the function of a design. It ensures freedom from
interference and an awareness of the possible use of standard parts and

production engineering techniques,

SPECIFICATION AND STANDARDS REVIEW

The specification activity assists in the preparation and release of new
and changed material, process, and equipment specifications found neces-
sary to support changed engineering and ground support fabrication and/or

test procedures and clarification.

The standards activity maintains company and government standards, draw-
ings, and specifications used for all component fabrication. Changes in
these items are coordinated with design units throughout the contract
activity. It also assists design engineering in evaluating failures of

commercial and standard parts.

Production Design Analysis

The prime function of the production design analysis activity is to
assist the design engineer in the evaluation and design of rocket engine

components from the standpoint of simplification, producibility, and

R-3729P P 29
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optimum fabrication techniques. Production design analysis provides
the design engineer with specialty information concerning such areas

as conventional and numerically controlled machining, allied metal-
removal methods such as ultrasonic, chem-milling, electrical discharge,
etc., thread rolling, gear forming, splines, etc., sheet-metal fabrica-
tion operations such as spinning, hydro-forming, shearing, punching,
etc., forging, casting, and extrusion processes, tube-forming welding

fabrication, spring design, and cost analysis.
DESIGN REVIEW

An existing, independent audit team within the Reliability Engineering
Subdivision, composed of senior-level engineers, and supported by
various technical specialists, evaluate the design and development

processes to ensure that the best design disciplines and practices are

followed, to determine that all applicable past experience is considered,

and to focus attention on all areas where operational reliability of the
engine systems might be adversely affected. The scope of activity of
this team starts with the basic schematic drawing, and is carried down
through lower-level drawings as required. Attainment of the highest
possible hardware reliability is dependent on its ability to be manu-
factured, serviced, and inspected. These factors are considered es-
sential elements to be evaluated in the course of the design review

program,

The program summarized above and outlined in additional detail in the
following paragraphs is in actual use at Rocketdyne on present pro-
grams, and has proved to be workable and highly effective. The space
engine system design review function uses the same nucleus of personnel

to provide the required design review coverage,

30 R-3729P
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Three stages of the design review generally are performed on all new
designs. These are designated as preliminary, critical, and final.
Special reviews are also conducted on modified designs. Purchased

items are similarly subjected to design review.

The preliminary design review is held early in the design phase to
evaluate the basic concept or design approach against the performance
and environmental requirements. Engineering analyses, preliminary
sketches, schematics, layouts, and preliminary check lists are used.
Simplicity of design and the use of standard, proved design concepts
are stressed. Functional and environmental parameters are reviewed
for accuracy and assurance that design margins for stress, pressure
rates, leakage, and other performance characteristics are adequate to
meet specified requirements under all usage conditions. Engineering
data are reviewed to assure that thorough static and dynamic analyses
have been performed. Inherent material or stress problems are recog-
nized, and action is assigned for test and resolution early in the

design phase.

The critical review is held on completion of the formal layout, just
prior to the start of detailing. The layout, check lists, complete
static and dynamic analyses, malfunction studies, material and stress
work, and any component evaluation test work are reviewed to ensure that
nothing has been overlooked that could impair the reliable performance
of the resulting hardware, The effects of part tolerances, fluid dy-
namics, and fatigue due to vibration or environmental extremes are
evaluated. Human factors considerations are evaluated to avoid design
conditions which may lead to improper assembly, handling, storage, or
installation. The malfunction analysis is reviewed in detail to ensure

that a thorough evaluation of all failure modes and causes was made,
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that time of occurrence was considered, and that everything possible
was done to render failure less probable and less critical through

redesign, derating, redundancy, or other methods.

Upon completion of development tests, the final review 1s held prior

to the release of deliverable hardware. All drawings, process specifi-
cations, test reports, check lists and prototype hardware are reviewed
to ensure that complete implementation of previous review action items
has been made, that drawings and process specifications exercise ade-
quate direction and control of parts fabrication, handling and func-
tional check, and that development test results reflect achievement of
all design goals. Tooling, manufacturing processes, cleaning, handling,
packaging and storage methods are investigated. Quality control meas-
ures are evaluated, and acceptance and checkout tests are reviewed to
determine that future reliable performance can be ensured. Handbooks
and bulletins, if included in the program, are evaluated to ensure that

adequate service, installation, and removal practices are defined.

Whenever new requirements or development test problems arise that in-
dicate the need for design changes, special reviews are held to evaluate
the cause and the proposed solutions. Special reviews are also used to
evaluate critical design areas in general application, such as flange
seals, brazed joints, etc., and for specific component problems too

complex or time-consuming to be covered in the general reviews,

STATISTICAL TEST DESIGN

The attainment of high levels of reliability requires careful attention
to all details of product planning, design, and development. To

achieve these levels economically requires efficient utilization of
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test time and test hardware. Statistical test design satisfies both of
these requirements for test programs of all types. The program ef-
ficiency achieved with statistical methods exceeds that avilable with

intuitive, nonstatistical procedures.

When used in support of sound engineering judgment, the methods of
statistical test design offer many advantages to a development program.
Notable among these are the completeness with which test objectives are
developed, and the increased accuracy of the resultant conclusions.
Because of the efficiency of these methods, greater quantities of usable
data are acquired, and the total effort to achieve specified develop-
ment and reliability goals tends to be reduced. A measure of the rela-
tive importance of variables being investigated 1s obtained, allowing
effort to be concentrated on those variables having greatest influence
on the system., In addition to obtaining an estimate of the basic
parameters, statistically designed tests provide a means for estimating
experimental error, thus allowing a better understanding of the operating
characteristics of the test process. Finally, when confidence levels
are established, it may be possible to determine the number of tests
needed to attain a given objective, Taken in its entirety, statistical
test design offers a comprehensive method for formalizing a test pro-

gram.

Over a period of many years, Rocketdyne has used statistical test design
in numerous liquid-propellant rocket engine investigations., Designs

for the study of performance characteristics of components and systems,
the evaluation of processes, and the selection of optimum hardware de-
signs are but a few of the many designs that have been developed. This
background of experience is brought to bear in the preparation of test

programs for the Lunar Excursion Module propulsion systems.

. 33
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There are several standard statistical designs suitable for rocket
engine system and component testing. Some of these are the factorial
design, the rotatable design, the composite rotatable design, and the
sensitivity experiment. Analytical techniques available for proces-
sing data required in a statistically designed test program are the
analysis of variance, regression analysis, multivariate analysis, dis-
criminant analysis, and sensitivity analysis. For most test programs,
one of the standard designs is used. However, in those instances
when a unique test problem arises, Rocketdyne develops a statistical
design from fundamental concepts. By tailoring a design to specific
test requirements, maximum advantage is taken of the techniques of

statistical test design.

Program costs and schedules are directly related to the number of
tests performed. With an efficient statistical test design, testing
to achieve specified goals tends to be reduced. Statistical test
planning is an integral part of Rocketdyne's reliability program. It
offers a comprehensive method for critically analyzing development and
reliability objectives. At present there appears to be no hetter

method for formalizing a test program.

An example of the application of the principles of statistical test
design to the development of a rocket engine 1s given below. and a
table is presented to facilitate the selection of a test plan for
comparing injector designs for the purpose of determining the best
performing injector. The test plan is based on performing a given
number of tests on each of several injector designs at nominal condi-
tions. The comparison uses specific impulse as the measure of per-
formance. This approach is based on the assumption that an 1injector
that performs best at the nominal point performs best anywhere within
the range of required operation. The test plan for analyzing injector

differences is based on the use of the T-method of multiple comparison,

S R-3729P
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LUNAR EXCURSION MODULE PROPULS

L3= 0,01

B.

Q- 0.10

a =0.05 a=0.10 a=0.20 a = 0.50 a-=0.05
5.71 5.26 4. 77 4,01 5.02 4.57
4.91 4,54 4,13 3.48 4. 34 3.97
4.37 4.06 3.70 3.12 3.89 3.57
3.99 3.70 3.39 2.86 3.55 3.27
5.76 5.34 4,88 L 14 5.12 4.69
%.99 4.6k L. 25 3.62 k.45 .10
b 47 4,16 3.82 3.26 4.00 3.69
5.80 5.40 4.97 4.25 5.19 4.79
5.05 h.75 4.35 3.7 4.53 4. 24
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1 2.65
3 2.40
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0,05 B.oo
@=020fQ@=05]| @-005] A-0.10] Q- ¢

q 4.08 3.32 571 4.25 3.7,
1 3.57 2.92 4.08 3.71 3.3
3.22 2.64 3.65 3,34 2.9¢
2.95 2.42 3. 34 3.06 2.7
4.23 3.50 4.82 5,40 3.9l
3.72 3.09 4.20 3.85 3. 4t
3.36 2.80 3.77 3.46 3.1°
%.35 3.64 %.90 4,50 k. 0¢
3.83 3.22 4.28 3.99 3. 5¢
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RELIABILITY ASSURANCE

The primary goal in the development of the LEM is the achievement of the
maximum inherent reliability possible with the funds and time available.
To obtain this reliability, new concepts must be formulated, and past

and present methods of reliability measurement and demonstration must be

scrutinized to determine their applicability to the LEM program.

The demonstration of high reliabilities to levels of high statistical con-
fidence is extremely difficult,costly,and time consuming. The number of
tests required to statistically demonstrate even 99.5 percent reliability
to 90 percent confidence is 460 with no failures occurring. To run these
tests solely for demonstration purposes is considered an inefficient
expenditure of effort, when that same effort could be applied to further
development of the system. To achieve the maximum reliability with a

minimum of time and money, the following program is proposed.

In view of the concept that reliability begins with and is inherent in

the basic design of an engine, maximum effort is applied in this phase.

Early in the design stage, upon definition of the mission and environmental
conditions, a comprehensive reliability analysis is performed including
system reliability analysis, failure mode (malfunction) analysis, and re-
dundancy and comparison studies. These analyses result in the formulation
of a logical mathematical model used to determine system reliability on a
component and subassembly basis. The information gained from this process
provides design criteria covering all the conditions and requirements for

a reliable product.
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This technique, which is described in the Analysis of Variance by

H. Scheffe, uses the following statistic:

where

X - X
Y4

1
qQ = _E7r:;5:__

™ |
1l

highest average specific impulse observed for an
injector

Xy = next highest observed average specific impulse for
an injector

s = pooled standard deviation of all the observed specifi
impulses

n = number of tests performed on each injector

c

This statistic compares observed performance of the two highest perforu-

ing injectors to determine whether the highest ohserved performance is

significantly higher than the performauce of the other injectors.

Before a specific test plan can be formulated, it is mnecessary to know

the following:

R-3729P

k, the number of injectors being compared
n, the number of tests per 1njector

d, the difference between injectors, in terms of specific

impulse, that is felt to represent a substantial iwmprovement

[3 . the risk that this substauntial improvement will go

undetected due to sampling variation

Q , the risk that two injectors will appear to be different,

when in fact they are identical in performance capability

O , the approximate test-to-test standard deviation
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At the present time, these numbers are unknown. As a result, a table has

been formulated to take into account the possible values that the above

unknowns might assume. Table 1 presents the value of d that results from

the particular combination of the aforementioned unknowns. The table is
based on a o of 0.5 percent of a minimum specific impulse (~ 315). It is
not necessary to vary O, since it is directly proportional to d. As a
result, if it is found that ¢ is actually closer to one percent, a new
table can be obtained by multiplying all the d's by two It is felt that
30 tests would be the maximum number allocated for such a program. As a
result, only test series involving 30 or fewer tests have been considered.
The use of the table can best be illustrated by presenting an example.

For this example, assume the following:

1. There are five injectors to be compared,

2. A risk of five percent is taken that a true difference of 3.4

seconds between injectors will go undetected

3. A risk of 20 percent is taken that two injectors that appear to

be significantly different are, in fact, equal 1n performance.

4. The test-to-test standard deviation is 0.5 percent.

Entering the table for Lg =0.05, @ =0.20, and k = 5, the value of d
most closely matching the 3.4 second requirement is 3.30. This value
occurs for n = 6. Therefore, to achieve the desired degree of protection,

it will be necessary to perform 6 tests on each injector.
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When the design has been completed, a progressive test program is ini-
tiated, The primary purpose of the development program is the discovery
and correction of system weaknesses. At first, components are tested
under nominal conditions to determine performance characteristics and
general design integrity. Testing then proceeds to maximum specified
conditions and overstress testing. Overstress testing is a means of
accelerating the discovery of weaknesses in the system by subjecting
components to conditions above those required or expected. The types

of overstress tests and stress levels reached are determined through
studies of the expected failure modes {from the malfunction analysis)
and environmental conditions through an environmental criteria study.
Modes of failure that are not forestalled by redundancy, and that would
have the most serious consequences to the mission, have first priority
for rigorous overstress investigations. Reduction in failure probabil-
ity of these modes most materially affects over-all system reliability.
A substantial effort is directed toward the thrust chamber/injector com-
bination. Development objectives are directed, as well, to proving the
concepts of redundancy employed in the design to ensure that the reli-
ability predicted by the wathematical model can actually be realized.

By subjecting a component or system to elevated stress levels, failures
are induced and weaknesses are revealed more quickly. Thus, corrective
action can be taken earlier in the program. The techmiques of statisti-
cal test design are employed to ensure the wmaximum amount of information
and efficient acquisition, interpretation, analysis, and use of this

information, with a minimum number of tests.

When malfunctions do occur, they are evaluated to determine (1) the mode

of failure, (2) the mechanics of the failure, (3) the cause of the fail-

ure, (%) whether the cause is attributable to design or manufacture, (5)

the relevancy of the failure to the mission (Is it critical and can it

occur during the mission? How does the environment of the test relate to the

mission environment?) and (6) the best method of correcting the conditions

R-3729P P "
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leading to the failure., The method of correction may include strengthening
the part, reducing or 1isolating the applied stress. making the consequences
of the failure unimportant, or changing the design, 1.e., employing re-
dundancy or improving the manufacturing process After corrective action
has been taken, tests are conducted to verify the effectiveness of the

correction
This process of discovering faliures, correcting them, and providing the

correction is considered to be a method of ensuring the achievement of

maximum reliability with the most efficient expenditure of effort.

Overstress Testing

The Reliability Assurance program relies heavily on overstress testing.
As the hardware 1s developed to a high reliabiiity. failures occur so
infrequently that 1t 1s hard and expensive to locate potential problems.
Overstress testing 1s a technique to disclose potential weaknesses more
efficiently so that proper action may be taken for improvement. Over-
stress tests probe beyond normal 1imits of vibration. temperature, speed,
stress, procedures, operation sequences, timing sequence:. etc. Care

and judgement must be used so that normal failure modes are accelerated
without introducing new types of failure modes. Malfunction analysis

13 an aid 1n this planning to seek the weaknesses of each potential failure
mode. Frequently 1t is found to be more efficient to do this overstress
testing on components in a laboratory where such stresses can be more
carefully controlled, and alzo can be more widely varied. {0n an engine,
an overstress on one component is limited by system tie-in to other
component limits.) 1In other cases, it may be more efficient to simulate

muitiple environments on the system level.
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RELIABILITY EVALUATION TESTS

To further aid in the development of reliable hardware and manufacturing
capability at the earliest possible data the following test programs are
conducted. These test programs are performed or monitored by the Relia-

bility Group to obtain an impartial evaluation.

During the R&D phase of the program the Reliability Test Unit evaluates

the components that are considered environmentally sensitive. Components
and/or systems are exposed to environments that are considered detrimental
to reliability. The intensities of these environmental conditions are
representative of the service conditions as specified by the environmental
criteria. The major effort is placed on vibration, humidity, temperature
and life-cycle tests, the environments considered most conducive to mal-
function. Information gained from these tests is utilized to determine

if redesign effort is required. Subsequent retesting is performed in any

cases involving redesign.
This program is accomplished as a joint effort by reliability and develop-

ment engineers. The possibility of oversight during the testing effort is

minimized through a plan of this type.

Reliability Verification Tests

The Reliability Verification Test (RTV) program is designed to verify,
through testing, measuring, and/or evaluating data from other records or
previously conducted tests, that a specific manufacturer's process is
capable of producing an article that will reliably satisfy all service

requirements.
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The RVT program applies to components and assemblies that are considered
susceptible to perforwance failure or degradation by virtue of varia-
tion in manufacturing techniques . and for which either a failure or per-
formance degradation would normally cause a safety hazard. or prevent
achievement of a performavnce objective of the missile or space vehicle
system, or cause undue field waintenance and/or delay in launch. The
program applies to procurewent from Rocketdyne plants. other North

American Aviation Divisions K and/or suppliers.
RVT is performed:

1. On first available items frow a source
2. Upon a significant change in process or subcontract structure -

3. Upoun a design change that may affect reliabhili+v

Component Qualification Tests

Prior to release of comronent desigps for production, a formal qualifi-
cation prograw is performwed. This test program is designed to ensure
that all sepsitive cowponents are capable of fulfiliment of the mission
requirements. The tests to be performed and test intensities selected

will be mutually agreed upon by Rocketdype and the customer,

DATA REPORTING AND ANALYSLS
One of the basic services required in support of the Iunar Excursion Mod-

vle propulsion systems program is that the contractor collects, analyzes

and disseminates reliability and maintainability data in the form of routine

19 ANRITINT b Tikd R-3729P
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and special summaries for engineering development and customer uses,.
The primary medium used in the collection, processing, and preparation
of such summaries is the BAPID System (Rocketdyne Automatic Processing
of Integrated Data). Basic reliability data are not suitable for
direct application by design, development, and manufacturing personnel,
and are necessary for Reliability engineers to perform the service of
converting the data into usable form. Tumediately available and up-to-
date reliability measurements and summaries, supported by complete data
histories taken from R&D, receiving inspection, manufacturing and field
operations, are prime requisites in support of a system reliability
evaluation and improvement program. In general, the types of informa-

tion included in the RAPID System are:

1. Component and Engine Identification Data. A comprehensive

listing of ecritical items. For accurate and up-to-date opera-
tional history, the identification data are related to each

assembly, checkout, or test operation of a specific propulsion
system. Also, the frequency and type of operation are recorded

for reliability evaluation and spares procurement.

2. Component Information. Data input begins with component build-

up. This information includes a listing of serialized items
within the component, where applicable, and what tests are per-
formed, including the results. Any subsequent testing is
recorded as it occurs on each individval component through

engine buildup operations.

3. Test Description. This information defails the test require-

ments, objectives, and results desired. This all-inclusive
form can best be explained as describing the actual operations
that are performed during captive testing. The information
derived from this type of testing is utilized for estimating

and predicting engine and component reliability.
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4, Failure Data Analysis. An essential integrant of system relia-

bility and maintainability. Failure reporting originates at the
time a contract is awarded, and continues through research and
development, manufacturing and field operations. The collection,
analysis and feedback of failure and repair information to the
proper action activity, with appropriate followip is funda-

mental to the accomplishment of a mature design

The required information is submitted by departmentsz responsible for opera-
tions in the various areas, These data are processed and stored in a
central reliability data bank, from which they are selected and reproduced
in the format required to meet the routine and special study needs of the
originating department or the customer. In addition to easily retriev-
able descriptive data, this system also stores classifications of applic-
ability for reliability evaluation, and of success and failures of applic-
able tests. This applicability classification permits a calculation of
reliability to be made on a particular component or group of components

at any stage of development. The system described above 1s a comprehen-
sive data collection procedure with all divisions within Rocketdyne

participating.

Engineering, Field Engineering, and Quality Control are the basic sources
of data, and each division is a recipient of data from the other. Engi-
neering provides records of engine and component experience during the
research and development programs. Quality Control provides records
about vendors, Receiving Inspection, manufacturing and acceptance testing
operations. Field Engineering provides records of all field operations.
Procedures have been adopted that ensure the feedback of data to the
proper departments within Rocketdyne, and the Reliability Subdivision

has been assigned the over-all control and responsibility for this system.
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Rocketdyne maintains a complete data collection system that will collect,

evaluate, and process all reliability and maintainability data on individual

components and engine systems during the complete Lunar Excursion Module
propulsion system program., This includes all identification part number
and serial number data, operations, repairs, failures, analyses, and

corrective actions, and from this the Reliability Group continually moni-

tors reliability growth and product improvement.

FATLURE ANALYSIS AND CONTROL

Input

The usual class of problem requiring failure amnalysis is that of hardware
weakness revealed by laboratory, component, or system test and reported
through the RAPID failure reporting system. This includes engineering
R&D tests, Quality Control acceptance tests, and reporis from field usage

by Logistics.

Failure Recurrence Control, The obvious direct causes are corrected, the

drawing changed, inspection tightened, etc. When a direct cause cannot
be assigned as the certain cause, logical improvements are made. To pre-
vent recurrence of the problem, such failure modes are considered in

future designs, and assured by check lists in design review.

Frequently a more basic cause exists that permits the direct causes to

occur, Basic causes are corrected by providing better information, train

ing, motivation, management procedural controls, etec. so that experience

is retained and in such a form that it is available to all who can use it.

R-3729P R 45
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Other areas involving maintenance, manuals, specifications, procedures,

processes, human factors, etc., are examined for improvements.

Analysis

Failed hardware is critically tested, dissected.,and examined by design
and laboratory specialists. The Reliability Group assists in a system-
atic evaluation of the problem area, looking for correlation with previous

component and system experience.

Followup

The Reliability Group first ensures that the line group responsible for
the analysis has all available information, hardware, etc., ensures
coordination of various groups if several are involved, and follows up

to see that action continues until conclusions have been reached,

Basic Cause

Analyses tend to stop when a direct cause of the failure is ascertained.
Basic causes (such as lack of information, training, or proper procedural
controls) remain uncorrected and thus permit recurrence of similar problems.

The Reliability Group makes special efforts to probe for these basic causes.

L6 P R-3729P



n ROCK ETIDWY NWNE . A DIVISION OF NORTH AMERICAN AVIATION

QUALITY ASSURANCE ORGANTZATION

MANAGEMENT STRUCTURE

Quality assurance at Rocketdyne is adwinistered by the Director of
Quality and Reliability who bhas the general responsibility for develop-
ing, monitoring, and evaluating the quality control policies and opera-
tions of all Rocketdvpe activitlies. Specific functions of the Director
include the study, avalysis. and interpretation of operating data to
provide division and corporate management with significant reports on
quality control activities; investigation and recommendation of new
methods, techniques, and equipwent for quality control operations;
coordination and assistance in the developuent of uniform quality
requirements; and review of quality policies, concepts and trends with
customers through liaison with customer quality control offices. In
addition, the Director of Qua'ity and Re'iability is Chairman of the
Rocketdyne Reliabilitv Policy BRoard, responsible for establishing reli-
ability policy and guiding programs for wmaintaining or improving the

reliability of Rocketdyne produnts

The Director of Quality and Reliahility reports directly to the Director
of Administration and Engineering Operations ‘Fig. 2). Because of this
direct line of communication, effective implementation, as well as
problem-solving, at a high level can he accowplished without the need

of middle-managewent approval and subsequent delay.

This concept of direct communication is followed throughout the
Quality Assurance organization (Fig. 3). FEach major product operation
is represented by a Quality Assurance Manager to provide guidance and

coordination of quality assurance operations. Fach of these managers

R-3729P 4y
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in turn, serves in a position of line authority for his particular oper-
ation from which he can effectively direct and monitor quality assurance

functions [Fig. 4 ).

Similarly, each of the operating units of Quality and Reliability is
provided with a direct line of authority between unit -upervision and
the division director. Thus, the effectiveness of the quality program
functions and the abilitv of quality assurance personnel to assess,
document, and report true quality findings is not compromised by consid-
erations of other duties. [n addition the freedom of communication
between all levels of the quality assurance organization allows manage-
ment to be continuously aware of the needs and problems of the operating

units.

OPERATING STRUCTURE

Functional responsibilities for operation of the Rocketdyne quality and
reliability program are shown in Fig. 5. As indicated, each of the
operating units performs a discrete phase of the program for all
Rocketdyne product operations. This organiczational structure, rather
than a number of project-oriented units,each performing a complete qual-
ity assurance program for its particular project, was chosen to provide
flexibility and uniformity of quality applications hetween projects.

In addition, this type of operating structure allows the total experi-
ence of the Rocketdyne quality organization to be concentrated on

specific problems peculiar to any one product operation.
The Quality and Reliability Assurance Unit is responsihle for planning

and monitoring the quality assurance program to make certain that all

objectives established during engineering design are fulfilled, and
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that reliability goals and programmed growth established by Rocketdyne
Engineering are attained. Beginning with system design, this unit
initiates design reviews to make certain that realistic and attainable
quality requirements are provided for deliverable Rocketdyne products.
The unit formulates inspection plans, performs quality surveys and
analyses, and conducts periodic audits of quality control measures to
determine the effectiveness of the quality program. An additional
responsibility of this unit is to conduct failure analyses and provide
information feedback in the form of failure reports to the Rocketdyne
organization and to the customer on modes of failure and corrective

actions taken.

The Procurement Quality Control Unit maintains control over Rocketdyne
supplier activities, and is responsible for the receiving inspection
functions of the division. Specific duties include: (1) facility
survey inspection of potential suppliers to evaluate supplier ability
to deliver products consistent with Rocketdyne and customer quality
standards, (2) purchase order review to ensure that the supplier is
furnished all necessary information to allow him to deliver a product
that meets quality requirements, (3) receiving or source inspection
performance in accordance with the inspection plans developed by the
Quality and Reliability Assurance Unit, and (4) warehouse surveillance

to control product storage and rotation of age-dated materials.

The Product Inspection Unit is responsible for monitoring the quality

of all items fabricated for customer delivery within the Rocketdyne
organization. In performing this function, the unit applies the final
criteria in determining Rocketdyne compliance with all quality reliabil-
ity requirements of drawings, specifications, and other contract docu-

mentation. Hardware inspection is conducted at each stage of development
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in accordance with the establiszhed inspection plan The inspections

include physical and diwensional tolerance checks on individual compo- -
nents electrowechanical and functional (esting of cowpleted assemblies

and systewms, and inspection of the calibration of engines and ma jor

systems. In addition, cowplete results of these inspections are recorded

to provide a quality history and data buildup of individual components

as well as completed systems,

Shipping inspection of all Rocketdyne- or supplier-furni<hed items to
the customer fo ensure that all 1tews including <pares conform to
design requirements and that all items are properly packapged in accord-

ance with applicable packiging. preservations, and handline requirements .

Additional respon=ibility of this unit include< the calibriation of all
tooling and measuring fixture< used during the fabrication and inspec-
t1on processes Recalibration and periodic inspections are made to

ensure the continued accuracy of the measuring equipment

in the preceding paragraphs, the operating area= of the functional
units have been defined. The application and inlerrelaiion-

ships of these functions in monitorivg and controlling the Rocketdyne
quality assurance program will he described in detail in the following

sections of this report
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DESIGN AND DEVELOPMENT CONTROL

Rocketdyne quality assurance provisions begin concurrently with product
design, continue through each step of the development program, and
accompany the delivered product throughout its operational life. A
chart demonstrating typical product flow through the design and fabrica-
tion stages to the point of customer acceptance and delivery is shown

in Fig. o.

DESIGN REVIEW

Prior to release of a product design for fabrication, a design review
1s conducted to cnsure adequacy of the design and completeness of pro-
duct requirement definition for manufacturing purposes. The reliabil-
ity engineering phase of the review is d}rected toward design feéatures
such as clearances, fits, previous experience with components and
service environments, and mechanical and electrical properties. The
quality assurance phase of the review is based on the reliability engi-
neering decisions, and is directed toward formulating clear, complete,
and unequivocal statements of product requirements for manufacturing

and subsequent inspection use.
The combination of these two phases of design review is the proper ante-

cedent for high quality and reliability of the product to be delivered

to the customer.
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Qualified and Preferred Parts

As indicated in Fig. 6, the quality and failure analysis historirs of
components and parts are evaluated during the design review. 1ln addi-
tion, qualified and preferred parts lists compiled as the result of
Rocketdyne experience in similar applications, and preferred parts
specified by the procuring agency are used in the selection of compo-

nents for specific applications.

Government-Document Heview

Results of government-document reviews to determine the adequacy of
product quality requirements are incorporated, as applicable, in t’«

engineering drawings, specification, and related documents.

PLANNING

Based on the results of design review action, the product design may be
released for fabrication, returned for modification, or subjected to
further engineering consideration. Where quality features have been
evaluated, determined to be adequate, and incorporated in the design

drawings, the drawings are released for part fabrication.

Control Documentation

From the drawings, and as a result of information obtained during the
design review, additional documentation required to monitor and control

product quality throughout the fabrication process is prepared.
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A production order is written for each detail part. This order identi-
fies the part, listsz materials to bhe used, operations tu be performed,
me thods to be used 1n performing the operations, and points in the fab-
rication proces= at which inspections are to be made {Fig.7 ). A qual-
1ty control inspection plan is also prepared for each detail part. The
inspection plan u=ed to perforw inspections at the points indicated on
the production order. =pecifies details of the inspections to be per-
formed of critical and certain major characteristics and lists appli-
cable specitications and =pecial equipmevt required 10 perform the

inspections.,

Inspection Plan. The inspection plan and any related documentation,

which may include a test plan and an assewhly detail record, constitute
the hasic quality control docuwents at all stages of fabrication. The
inspection plan provides for the actual diwensions measured by the
inspector to be recorded in appropriate spaces on the plan, and for the
inspection stamp indicating approval by the inspector. A typical

inspection plan for detail part inspection is shown in Fig. 8.

When all phases of the manufacturing inspection on the detail part have
been completed. the part is tagged with the serial pumber of the inspec-
tion plan and the plan tiled by the Quality and Reliability Assurance
Unit. As the part is installed;aloog with other detail parts in a com-
ponent or higher level of assewbly, ap assewbly detail record noting

the serial numbers of the detail inspection planz and the names of the
detall parts 1s prepared. On completion of the assembly inspection, in
accordance with the inspection plan prepared for that particular assem-
bly, the assewbly is tagged to indicate the serial number of its individ-
ual inspection plan and the inspection plan, together with the assembly

detail record, is filed.
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Ihis process of "pyvramiding'" the in=pection plans 1= continued at all
levels of =ubsvstem and <ystem assemblv to completion of the end item
for delivery In thix mauner corwplete and detailed inspection find-
ing=s of each part of the final assceubly are available for analysis at

any stage of the fahrication process

Where o functional test 1= required at any stage of inspection, a test
plan is provided which specifie~ the test to be performed and allowable
limits within which the part will he considered to have passed the test.
[hi< test plan i< referenced to applicable specifications which provide
test =etup and operating information for performing the test, including
weasuring and test equipment to be used and exact wmethods of manipu-

latapg controls and measuripg parameters,
On comp .etion of end-i1tem fahrication the inspection plans and related

documents con=titute a permavent hi=tory of the product and become part

of the quality program documentation.

Quality History Cards, 1Iv addition to the inspection plan, which pro-

vides= a record of inspertion results and rest inforwmation, K the Quality
History fard 'Fi1g. 9 und 10} ,s used to record the permaneat history of
a single part or group of parts, The card forw provides for entries of
pertinent. production data. inspection and materials review information,
dispositions of parts aund records of corrective actions initiated in

rases of failure,

When all card entries are complete the card is processed and tabulated
by electronic data processing equipment. The results are then available
to serve as¢ a hasis for various levels of management reporting, and for

quality analyses resulting in corrective action reports. The data are

R-3729P P . 01
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also used to establish &4 quality performance record for particular

Hocketdyne departwents and suppliers.

Inspection Sign-01f Bouks., A1 1nspection record= for a particular

assembly or =vstem are iocorporated 1nto an Tospection Sign-0ff Book,
These books are used to {1} outline and record the exauct <equence of
production and inspection operations f2) compile and correlate the
various forms and record<s {3) provide o means of controlling the qual-
ity of the installations or operatiens and (/4) evaluare the results

obtained hy the control- aond records.

The sign-off books contain completed inspection plans on detail parts,
and cowpleted inspection plans test plans and aszembly detail records
on components, subassembliex avnd assemblies. The books also serve as
a repository for other documents such as 1nspection shortage forms,
inspection discrepancy and correction records, and forws pertinent to
particular prograws. Illustrations of these forms are included in

Appendix A.

Change Control

Changes to documents affecting the quality prograw are accowplished by
the Rocketdyne release system. At appropriate points prior to delivery
of the end-itew, an Engineering Order ‘F0) is issued to authorize the
release or cancellation of engineering requirements and to distribute
drawings, specifications, and other engineering information (Fig. 11).
Changes made prior to delivery on a production contract and changes
made after end-itew delivery which require customer approval are incor-
porated into an Engineering Change Proposal ‘ECP} and =.bmitted to the

procuring agency prior to iwmplewmenting the change.

Ol R-3729P
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The timely release and distribution of document changes to all affected

functions is the responsibility of the Engineering Data Group.

On release of a change document all previous documentation, including
production orders und inspection plans, are updated in accordance with
the change. When uﬁ EO 15 1ssued to cancel a previously released draw-
ing or other document. a statement is included on the F0O to "Remove and
destroy all prints in file.” When an F0Q is released to add or delete
an item of hardware thai will affect the next assemhly, the complete
change to the next assembly is released simultaneously on the EO, or by
I‘el)gs.e Of‘a chan%ed component drawing.
et
Responsibility for monitoring the effect of these changes, and for main-
taining interface relationships is the function of the engineering design
group. Prior to release, the change document is carefully reviewed to

determine the effect on other assemblies or systems

Effectivity

The effectivity of all item changes is noted on the change document.
Change points are established to be compatible with hardware schedules
and in accordance with good engineering and production practices. Where
changes cannot be realistically accomplished prior to end-item comple-
tion, provisions are made to effect the chénges to existing hardware on
a retrofit basis. All affected items and accompanying documentation

are coded and physically marked to show the appropriate modifications.
All items modified on a retrofit basis are inspected and tested in

accordance with applicable specifications to ensure quality and reli-

ability of the modification. Items modified during buildup are

66 N R-3729p




DTS 11y

’l FRC>C < E.0IDY "X . n . = . ! . ' ' AT o e Rl

subjected to the routine inspection and testing, as required by the

inspection plan.

COMPONENT QUALLFICATION TESTS

All components delivered to the customer are qualified in accordance
with test schedules established by the engineering design groups
Results of these qualification tests are documented and made avallable

for evaluation by Rocketdyne and customer representatives,

Parts  components, and high levels of assembly are uniquely identified
by the use of serial numbers. This serialization allows a review of
the complete history of parts and components at any stage of the fabri-

cation process, as required.
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CONTROL OF CONTRACTOR-PROCURED MATERIAL

Over the years, Rocketdyne has developed a system of determining poten-
tial quality control capability of procurement sources, and of monitor-
ing and controlling the quality of supplier products. This system pro-
vides for quality control surveys, purchase order review, supplier
product inspection, and supplier assistance programs, where required,

to ensure adequate performance in delivering products to required qual-

ity standards,

SELECTION OF PROCUREMENT SOURCES

Suppliers are initially investigated by representatives of the Rocketdyne
Purchasing Department. When the Purchasing Department is satisfied with
items such as supplier financial stability and agreement with standard
terms and conditions, a joint survey of supplier facilities is conducted
by the Materials Department and the Procurement Quality Control Unit.

The Materials inspection is concerned with management and manufactgring
capability to fulfil® schedule commitments. The quality inspection is
made to evaluate adequacy of supplier manufacturing inspection proced-
ures and acceptance criteria, accuracy and compatibility of measuring

and test equipment with the product being procured, and adequacy of pack-

aging, packing, and marking procedures.

When survey results indicate that the supplier has implemented and agreed
to maintain an accep'shle quality control program, he is considered cap-

able of supplying pruducts consistent with Rocketdyne quality standards.

R-3729p - 69
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Throughout the period of supplier performance Rocketdyne performs

receiving or source inspections, as applicable to monitor quality of

the procured product These inspections are performed in accordance

with requirements of 'he quality control inspection plan and related

documents. as previous=ly dizcu==ed under "Control Documentation." ln -
addition, periodic audits of supplier performance, and resurveys of sup-

plier facilities are conducted to ensure continued coupliance with

Rocketdyvne and customer quality and reliability provision:.

In this manner, a level uof experience 1= established with each
Rocketdyne supplier. Quality History (ards and other quality records
are compiled to provide a continuous record of the acceptability of sup-
plier performance. This record iwv turn Iz used to provide criteria

for future procurements. -

PROCUREMENT DOCUMENTS

All procurement documents related to supplier products are =ubjected to
review by the Procurement Quality Countrol I'mit prior fo release This
purchase order review con<ists of ensuring that the procurement docu-
ments are complete with respect to item identification. provision for
vovernment and Rocketdyne source inspection, where required, conform-
ance with qualified products and qualified source lists. and other
special requirements that mav affect quality. Where government source
inspection is required this action will be specified in an appropriate

statement on the purchase order

lu addition to the purchase order, the supplier is provided with copies

of the inspection plan. drawings and specifications for the product to

be procured. These latter documen*s also comprise part of the "bid set"”
o R-3729P
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on which the suppliers submitted quotations. Rocketdyne will require
that the suppliers quality program conform to NASA Quality Publications,
as applicable, except on rare occasions when the critical nature of the
program requires the temporary procurement of parts from proprietary
sources, In these situations, Rocketdyne will verify conformance of the

procured product to all quality and reliability requirements.

SOURCE INSPECTION

Provisions are made, as applicable, for government and Rocketdyne source
inspections to be performed at the supplier's plant. Source inspection

performed by and for the convenience of the government does not relieve

Rocketdyne or the supplier of the responsibility for ensuring the qual-

ity of the delivered products.

Rocketdyne source inspections are performed: (1) when necessary test
equipment is not available at Rocketdyne, (2) when it is expedient to
check an item in the process of fabrication, assembly, or processing,
(3) when destructive testing or excessive disassembly would be required
during receiving inspection, (4) when the end item is to be delivered
directly to the customer or facility other than Rocketdyme, or (5) when

it is more economical.

Source inspection ensures that the product conforms to applicable draw-
ings, specifications, and other requirements stipulated in the purchase
order, When inspecting Rocketdyne-designed assemblies, the inspector

completely inspects the detail components of the first assembly for con-

formance to drawings and specifications. He also checks processing,

R-3729P
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materials, and supplier records to verify that approved malerials and
processing sources have been used, and expedites the accomplishment of

functional and pressure tests.

The extent of detail inspection required prior to welding, plating, or
similar operations is determined by the inspection plan. All pertinent
information for the completion of unfinished operatioms or inspections
is entered on the Quality History Card or other approved forms which

are delivered, along with the supplier product, for Rocketdyne receiving

inspection.

Rocketdyne inspectors, on receiving a supplier product that has been
subjected to source inspection, determine that necessary source inspec-
tion and processing stamps are affixed to the record and to the part,
that parts are identified, and that any further inspections or tests

noted on the Quality History Card or inspection plan are performed.

RECEIVING INSPECTION

On receiving a supplier-fabricated product, Rocketdyne conducts an
inspection in accordance with the established inspection plan for the
item., Characteristics of the product are verified in addition to, or
in conjunction with, requirements of the purchase order, drawings, and
specifications to determine acceptance or nonconformance. The status
of product qualification is also reviewed during receiving inspection.
Where components have not been qualified previously, it is the respon-
sibility of the inspection function to ensure that qualification tests

are satisfactorily completed prior to delivery of the Rocketdyne product.

Materials, such as synthetic rubber products, which are subject to deteri-

oration by aging, are inspected to ensure that cure date markings and age

72 R-3729P
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limitations have not been exceeded. Raw materials will be checked
against requirements of applicable specifications and for conformance
to the supplier's test report, which is required to accompany the

shipment.

Prior to completion of the receiving inspection, supplier-furnished
products and materials are physically separated to maintain integrity
of the lots. After inspection, the materials are transferred to a
warehouse where continuing identity, as well as proper storage condi-

tions, is maintained.

FATILURE AND DEFICIENCY FEEDBACK

Where nonconformances to drawings are found in supplier products or
materiale, a report (Fig. 12) is completed by the inspector to show the
characteristice that do not conform. This report is forwarded to the
Purchasing Department where a letter is written by the Buyer to a
responsible officer of the supplier organization. A copy of this let-
ter is forwarded to the Quality Aesurance Unit for followup and coordi-
nation. In addition to informing the supplier of the nonconformance,
it is requested that the supplier notify Rocketdyne Quality Assurance,
prior to the next shipment, of the actions taken to prevent future

deficiencies.

The effect of this action is to ensure that the supplier is
promptly notified of the nonconformance, that corrective action is
quickly implemented, and that a single point of contact (the Buyer) is

maintained between Rocketdyne and its suppliers.

R-3729p 3
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Nonconformances encountered by source inspection and/or receiving inspection
will be listed on this form by the receiving inspector prior to final dis-
position of the hardware.

RECORD OF SUPPLIER NONCONFORMANCE

SUPPLIER'S NAME P.0. NUMBER
PART NUMBER
BUYER PART NAME
SPECIFTED CHARACTERISTIC NONCONFORMANCE
Inspector

Figure 12, Record of Supplier Nonconformance
74 R-3729p
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SUPPLIER RATING AND PREFERRED SOURCE LISTS

The use of the Quality History Card in compiling preferred source lists
has previously been discussed. In addition, Rocketdyne has developed a
method of rating based on the cost of doing business with suppliers

producing items in the same product category.

Supplier performance, as tabulated from the Quality History Cards, is
analyzed to provide two basic indices: cost rating percent, and quan-

tity rating percent. These indices are derived by the formulae:

Cc
Rc =T ¢ X 100
c r
and
S
R ==L x 100,
q I
q
where:
Cc = contract cost
Cr = Rocketdyne cost (includes cost of all inspections and
materials review, rework, and repair)
Iq = quantity inspected
Sq = quantity released to stores

Supplier performance data collected from the Quality History Cards

include;

1. Part and category

2. Hours expended by Rocketdyne

R-3729P - 75
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3. Part dispositions

4, Discrepancy details

-

5. Unit cost of parts

From this information, supplier performance analysis reports are pre-
pared and coordinated for each low-performance supplier. The reports
define problem details actions taken, and action required. Copies of
these reports are forwarded to the Purchasing Department Buyer who, in

turn. contacts the supplier to require that corrective action be taken.

70 R-3729p
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CONTROL OF GOVERNMENT-FURNISHED PROPERTY

INSPECTION OF GOVERNMENT-FURNISHED PROPERTY

All government-furnished property (GFP) is stored separately from com-
pany property prior to receiving inspection. Segregation of service-
able property 1s also maintained separately from reparable or
unserviceable GFP. The GFP is processed and stored to prevent damage

from handling or exposure.

Incoming GFP is checked against the shipping voucher or receiving report
to defermine that applicable contract nuwbers. conslgnee, part numbers,
and quantities are in agreement. The property is also checked against
the accowpanying tag or label noting condition of the 1tem, inspection
and reinspection dates and other information such as storage conditions

and limitations.

Prior to further processing or installation. the GFP is functionally
tested in accordance with applicable specifications. Where no discrep-

ancies are found. the appropriate document is stamped to show acceptance.

DEFECTIVE GOVERNMENT-FURNISHED PROPERTY

Where GFP is found to be defective, Rocketdyne will advise the cogni-
zant government agency. Pending disposition of the defective equipment,
the GFP is properly stored to prevent further damage or increased repair

costs,
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CONTROL OF CONTRACTOR-FABRICATED MATERIAL

The basis of Rocketdyne quality assurance is provided by the control
documentation previously discussed. It is Rocketdyne's intent to con-
scientiously apply these established plans and procedures to ensure
delivery of products conforming to highest industry-wide standards of

quality and reliability.

Inspection and test plans developed for parts, components, and higher
levels of assembly are supplemented, as necessary, by Rocketdyne and
contract specifications to provide conformance criteria. Inspection
and test plans, as previously indicated, are based on engineering
design requirements, quality characteristics of the product, review of
materials and manufacturing considerations, and analysis of over-all

requirements determined at the time of design review.

Particular emphasis is placed on inspection and testing at points that
minimize potential production delays through early detection of defi-
ciencies. Products fabricated by Rocketdyne and its subcontractors are
subjected to inspections at the part, component, and higher levels of

assembly. Workmanship samples, where required, will be provided for

customer inspection and use.

Tests and final inspection of the end item are conducted in accordance
with the Rocketdyne model specification for the delivered product. An
outline of an engine model specification is shown in Appendix B.

Results of these final acceptance tests and inspections are documented
in the Rocketdyne Engine Log Book. This book, containing the final pro-
duction documentation prepared prior to end-item delivery, will be

delivered to the customer along with the product.

ai e ol — 7
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In addition to a technical description of the system, test documenta-
tion, and engineering and performance data. the log book contains a his-
torical record of engine components and a component replacement record
to show changes made during engivne buildup. An outline of a Rocket
Engine Log Book is shown 1p Appendix C. -

Any modifications scheduled after final tests and inspection of the

end item are accompanied by an inspection plan to be verified by a com-

petent inspector

FABRICATION CONTROLS _

Production Tooling and Fabrication Equipment

All gages, used to compare physical characteristice of a product to
specified dimensional requirements, and all measuring tools used for
measuring specific characteristice of a part, assembly, or tool, are
identified by unique serial numbers. These gages and measuring tools
are initially inspected and tested prior to use. Where tooling is
designed by Rocketdyne, the tooi drawings are checked by Quality Assur-
ance personnel prior to fabrication. The fiunished tools are also
checked against +*he drawing requirements. A historical record is then
prepared to show the tool name, serial number and the required inter-

vals between reinspections

Material Control

Prior to use, materials employed in the fabrication of Rocketdyne pro-
ducts are held 10 a4 warehouse where the item identification is main-

tained along with the inspection plans, which provide traceability of

80 R-3729P
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the materials bhack to their sources When released for manufacturing,
the materiale are tageed lor tdentification and refereunced to the ser-
1al numbers ol their individual ipspection plans. During the manufac-

turing process material identification is waintained by use of the
inspection plan system, as previously described. Nonconforming material
found at any stage of the fabrication process is immediately removed
from the work area and stored in a honded area pending further

disposition.

All controlled processes or operations of a critical nature used during
product fabrication are closely monitored and protected against contami-
nation. Baths for cleaning and plating processes are periodically
sampled to ensure that chemical composition, pH values, levels of con-
tamination, and similar attributes are maintained within specified

tolerances.

Identification of age-limited material or material that deteriorates
because of use, temperature sensitivity, or other environmental factors
is indicated either on the product or on accompanying documentation.
Assembly dates of age-dated materials and the number of actuation
cycles of use-limited parts are recorded and used to control installa-
tion of these materials during product buildup. These records, includ-
ing a chronological history of component replacement in the delivered
product and remaining useful life of installed materials, are included

in the Rocket Engine Log Book which accompanies the product into the
field.

R-3729P 81
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(leanliness (ontrol

Cleanliness of c¢lose-tolerance parts or critical fabrication processes
is countrolled by Rochketdvne =pectfications for the particular operation.
[he necess=ary procedurcs are conducted in limited-access areas in which
environmental conditions are controlled; solutions are filtered, tem-
perature and atwospheres regulated. and speciél clothing worn by operat-

ing and ipspection per=onnel.

Requirements for this tyvpe of handling are specified on the englneering
drawings released for product fabrication. In addifion to establishing
the special handling requivements the applicable process specifica-

tions are referenced on the drawings.

PROCKSS CONTROL SPECIFICATION AND PROCEDURES

Rocketdyne has developed methods of defect prevenfion for coutrolling
critical processes ip which rthe quality of product cannot be determined
solely by inspection. lhe basis for these control wethods is contained
in the Rocketdyne process specifications covering over 1500 different
opera tions aund processes Jhese specificatious. in all cases, equal or

exceed applicabie wilitary specification requirewents.

bach specification contaivs all vecessary iunformwation for the operator
to perform the indiceted process aod includes  scope and application
ot the specification waterials required, and a step-byv-<tep procedure
for accompli=hivg the toask. A sample Hocketdyne process specification

i< included a= Appendix D.
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Equipment, machines and operating personuel used for performing criti-
cal processes are certified by the Rocketdyne Production Development
laboratory. The equipment 1s inspected calibrated. and tested during
operation as part of the certification process. Requalifications are

conducted  ax pecessary in the event of changes to the process speci-

fications or modifications to the equipment,

In addition to maintaining records and results of the certification
tests, the Production Development laboratory is responsible for the
training and certification of operating and inspection personnel. This
responsibility is discussed 1n detail in a later section of this

document. .
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NONCONFORMING MATERIAL

Where nonconforming material is found at any stage of the fabrication

or inspection process, the material is immediately removed from the work
area, physically stamped to show that it is nonconforming, and stored in
a bonded area pending further disposition. Disposition of these materi-
als is made by the Material Review Board except in cases of (1) minor
nonconformances that can be reworked and reinspected to meet drawing
and specification requirements, and {2) minor nonconformances of
appearance and workmanship which do not affect performance of the

product.

The Rocketdyne Material Review Board is comprised of the chief engineer,
the manager of Quality Assurance, and the chief Quality Control repre-
sentative of the customer's inspection agency. Duties of the board con-
sist of reviewing all nonconforming materials presented for their action
and providing the final judgment on (l) items that can be reworked for
use but will vary from drawing requirements, (2) items that can

be used "as is," or (3) items that are to be scrapped. Review Board
members are supported, as required, by consultants from other Rocketdyne

operating functions.

Items determined to be acceptable in "as-is" condition are limited to
nonconformances which will not affect operation, reliability, or inter-
changeability of the part. Decisions involving use of "as-is" or
reworkable items must be made by unanimous agreement of board members.
Where Material Review Board action determines that parts are or can be
made acceptable for use, a material review stamp is applied over the

nonconformance stamp and the item returned for use.
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Rocketdyne does not anticipate reque<ting the Contracting Offrcer to

relax contract requirements in areas of safety reliability durability,

performance. or interchangeability ot products. Nejther does Rocketdyne

anticipate delegating wmaterial review authorily 1o =ubcontractors or

suppliers,
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INSPECTION, MEASURINVG, AND TEST EQUIPMEN]

]

All inspection measuring and test equipmeni used in the fahrication
of Rocketdyne products is controlled throughout the useful life of the
equipment by inspection, calibration, maintenance, and repair to ensure

continued suitahility for use,.

Drawings for Rocketdyne-designed equipment and requests for the purchase
of commercial items are reviewed by quality control tooling specialists
to determine that the equipwent to be procured is adequate for the pur-
pose intended. Upon receipt of the completed equipment., it is Inspected
and functionally tested, as required to determine that it conforms to

the design or manufacturer's specification.

Test equipment. including measuring 1pnstruments and systems. console-
type test equipment . and test instruwents is certified prior to use by
the Rocketdyne Production Developwent laboratory. This laboratory has
been established to provide measurement standardization and other tech-
nical services throughout Rocketdyne. The Production Development Lab-
oratory is staffed with graduate engineers and other technical special-
ists selected on the basis of competence in their fields of activity.
In addition to determining that the equipwent conforms to specifica-
tions, the certification process requires that operation of the equip-

ment be demonstrated in use on a deliverable end-item.

Gage-type measuring devices are issued and maintained through a Tool,
Gages, and Instrument Control Sheet,which is used to prepare an IBM
gage inventory book. This document contains a listing for each gage
in use at Rocketdyne to show gage name., serial number, and required

intervals between calibrations. The calibration schedules are based on
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gage type. stability characteristics purpese and degree of usage.
These intervals range from "each u=e” for such items as thread gages to
vyearly” for gramite =urface plates. Additional inspections and recali-

brations may be requested hy inspection or operating persounel, where

required.

In addition to the gage inventory hook an individual historical record

card is prepared for each gage Ihis card is filed in the tool crib
from which the gage is issued for use. A daily inventory is made of

these cards to ensure that the periodic calibration schedule is main-
tained, and that records of calibrations and maintenance services are

entered on the cards.

Ins truments such as pressure gages, electrical test meters, and flow
measuring devices are calibrated issued, and maintained by the
Manufacturing Inspection Department. The Production Development Lab-
oratory provides support as required, and approves, inspects, and
calibrates "first-of-a-kind" 1nstruments and equipment procured by
Rocketdyne. The Production Development laboratory also gpecifies cali-
bration and maintenance procedures for the instruments. (An example of
a Production Development laboratory Ins trumentation Instruction is

shown in Appendix E.:

Instrumentation calibration schedules are controlled hy void-date lab-
els affixed to the instruments. Prior to the expiration dates, the
instruments are returned to the Manufacturing Inspection Department
for calibration and maintenance K as required. Records of calibrations
and services .performed are maintained in the Manufacturing Inspection

Department files.

88
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All working standards used for inspection and calibration of measuring
tools and gages are calibrated to primary standards maintained by the
Production Development Laboratory, which are traceable to the National
Bureau of Standards. Within state-of-the-art limitations standards
used for calibration of inspection, measuring, and test equipment have
a tolerance no greater than 10 percent of the allowable tolerance for

the equipment. being calibrated.
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INSPECTION STAMPS

Rocketdyne has established a sys=tem of inspection stamping to indicate
that a part physically and functionally cowplies to applicable drawings,
specifications, and other information contrelling part configuration
and quality. In addition to acceptance stamps, parts are stamped to
indicate the acceptability of X-ray magnaflux. heat treat, hydrostatic

pressure test, and similar processes. A complete stamp catalog of

Rocketdyne stamps is shown in Appendix F.

Inspection stawps are placed on parts in the areas designated by the
part detail drawing When a specific area is not designated, the s tamp
is placed adjacent to the part number. Stamped tags are used where
size limitations, configuration, or materials prevents stamping of

individual parts.

Inspection stamps, traceable to the individual, are issued only to
qualified inspectors. Records of stamp assignment are maintained to
show the inspector's name, clock number, location and department, type
of stamps, and date of issuance. When an inspector terminates, his
stamps are removed from further use for a six-month period. When a
stamp is lost, the remainder of the set is placed in bond for one year,

and a new set issued.
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PRESERVATION, PACKING, HANDLING, STORAGE, AND SHIPPING

All preservation, packing. handling, storage, and shipping requirements
are specified by the Rocketdyne process specification covering these
items, the product model specification, and special requirements listed
on the applicable engineering drawing. Prior to delivery of the end
product, quality control personnel ensure that all necessary tests and
inspections have been performed, appropriate quality and inspection rec-
ords accompany shipment of the product, and that adequate provisions

have been made for protecting the product during transit and storage.

Rocketdyne Process Specification RA 0116-027 incorporates, by reference,
military and North American specifications for processing special pro-
ducts, and outlines procedures for: cleaning and drying, maintenance

of cleaning solutions, applying masking and protective closures, using
preservative compounds, wrapping, cushioning, and packaging methods.

The specification also outlines the procedures for conducting opera-
tional requirements tests for various methods of packaging: quick-leak,
waterproofing, vacuum-retention, pressure-retention, heat-seal, cleanli-

ness, and contact preservation continuity and appearance tests.

When the product is received for shipping inspection, it is checked to

determine that it conforms to the latest mandatory engineering drawings;
is properly identified and marked; and is complete with respect to quan-
tity, inspection and other documentation, and inspection and processing

stamps,
After the product has been subjected to customer inspection and accept-

ance, it is prepared for shipment in accordance with instructions pro-

vided by packaging engineers for the specific item involved. These
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preparations include as neces=ary ensuring that:/1) aszemhlies and
critical surfaces are cleaved preserved and protected 1n accordance
with applicahle specitications. «2) protective covering of openings are
accowplished to prevent entry of loreign miterial, (3) prescervation com-
pounds are maiotaived ar the prescribed temperature<. and (4) cleaning
agents and preservation cowpounds are free from contominstion, and are

correct]ly labeled and stored.

Shipprog documentation i: thep checked for cowpleteness with respect to
1tem tdentification and marking ioclusion of necessary =hipping and
technical documents and adequacy of shipping snd handling instructions

to epnsure safe arrival and ready identification at the destination,
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STATISTICAL PIANNING, ANALYSIS, AND QUALITY CONTROL

Statistical analysis and test planning are used during the engineering
development testing program when such measures are considered advantage-
ous, Statistical quality control methods are used in manufacturing,
testing, and procurement quality control systems at Rocketdyne and sup-

plier facilities.

Sampling plans are used only where acceptance tests are destructive or
where the number of parts fabricated justify their use. Where these
plans are used, they conform to requirements of MIL standards 105, 414,

or other sound statistical plan concurred upon by the customer.

Statistical quality control methods are especially designed to fit

individual applications, with primary consideratione given to improved
quality and reduced cost. The use of statistical methods is based on
evaluation of products, methods, and areas. Where possible, existing
inspection records are used. However, special data collection systems

may be installed for the evaluation of a given part or parts.

Prior to implementation of the statistical methods plan, the plan is
reviewed to determine the nature, extent, and application of the pro-
gram; the extent and nature of the training required; and the economic
aspects resulting from use of the plan, including the cost relationship

between existing and propoaed plane.
After the plan is adopted, Quality peraonnel are responsible for audit-

ing or monitoring all statistical applications to ensure that the plans

are properly used, and that the plans are modified as necessary to
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coincide with product changes Quality control charts are used in
these monitoring procedures where the number of parts to be controlled

or the complexity of the operation makes use of these charts desirable.
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TRAINING AND CERTIFICATZON OF PERSONMEL

Training programs orientation lectures, and certification procedures
are conducted to develop qualified persoonel engaged in the fabrication
and quality control of Rocketdyne products. These educational prograus
are direcred by qualified specialists selected from awong the Rocketdyne
staff who are capable of 1wparting their knowledge and skills, and who
are capable of weasuring the proficiency of the trainees. Particular
emphasis is placed on training and certifying personnel working in crit-
ical areas such as those of welding, soldering, wiring, radiographic

magnetic particle. dye penetrant, and bonding operations and inspections.

Nondestructive test inspection either by interpretation of test indi-
cations or by acceptance or rejection of deliverable parts is performed
only by inspectors certified for the specific type and class of inspec-
tion involved. The applicants for certification are required to com-
plete a course of instruction, as outlined by the Rocketdyne Production
Development Laboratory,; for each type and class for which certification
is requested. These courses include: (1) inspection theory and opera-
tional technigues; and (2) inspection duties and responsibilities, as
specified in Rocketdyne documents. Certification examinations, written
and functional. are then conducted by personmel designated by the

Production Development Laboratory.
Upon successful completion of the required training and examinations,
applicants are certified and certificates issued showing the areas in

which the applicant is juialified.

The certificates are valid for one year and may be renewed by demonstra-—

tion of continued high standards of workmanship. However, at least once

R-3729p S 97



FRC>C " F N 1P W F - . NI ' : . ' BN - O I

in every five-year period the certificate holder is required to demon-

strate his ability by again passing the certification examination.

Similar certification procedures are 1n effect to control critical fab-
rication techniques such as welding. In addition to training and certi-
fication of welders, the Production Development laboratory maintains a
proficiency record for each welder, based on the inspection records of

welding quality

Additional controls over performance quality are waintained by measures
such as periodic eye examinations for inspectors. All personnel
assigned to 1nspection functions are required to demonstrate visual
acuity for near and distant vision, depth perception, and color

discrimination.
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DATA REPORTING AND CORRECTIVE ACTION

As previously indicated, the basis of Rocketdyne quality assurance is
provided by the control documentation described elsewhere. These docu-
ments, namely the inspection plans and the Quality History Cards, also
provide the basis for collection, analysis, and reporting of quality

and failure data, and for implementing corrective action measures.

Analysis of the completed inspection plans at all levels of assembly in
conjunction with a review of the Quality History Cards affords a broad
over-all indication of the quality program status. At the same time,
evaluation of inspection plan entries provides an essential tool for
pinpointing potential trouble spots in the fabrication operation. Tab-
ulation of data from the Quality History Cards also provides an effec-
tive means for the rapid transmission of quality findings and trends

for management use.

DATA REPORTING

Rocketdyne does not presently issue formalized periodic reports on the
quality assurance program except as required by specific contracts.
However, the present data collection and analysis system described in
the preceding paragraph is considered adequate to allow reporting, as
required, A schedule for the submission of quality program reports, as

required by NASA Quality Publication NPC 200-2, is shown in Table 2.
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TABLE 2

DOCUMENTATION SCHEDULE

(Ref: Appendix B, NPC 200-2) -

Document Submitted For Schedule

Qualification Status list Approval As requested
Fnd-Ttem Test Plan Approval 30 days prior to deliv-

ery of first production
prototype

Fnd-Ttem Test and Inspec- \pproval 2 weeks prior to imple-
tion Procedures mentation
: - ,
Quality Program Plan Heview "5 days after approval
‘Final) of preliminary plan
Test and Inspection Review 2 weeks prior to -
Procedures implementation
Process Control Procedures Review 2 weeks prior to

implementation

Results of Special Measur- Review As applicable
ing and Test Equipument
Evaluation

Storage Procedures for End Review 2 weeks prior to —
Ttems implementation
Special Sampling Plans Review 2 weeks prior to

implementation

Monthly Quality Status Information 20 working days after
Report period reported
Quarterly Summary of Information 30 working days after
Audits period reported
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CORRECTIVE ACTION

Requests for corrective action may be originated by the customer, by
any of Rocketdyne's quality assurance or inspection functions, or as
the result of inspection plan and Quality History Card analyses by the
Quality and Reliability Assurance Unit. An example of the method for
acquiring corrective action in the case of a supplier has been pre-
viously described. The method for acquiring corrective action within
the Rocketdyne organization is accomplished through the Operation and
Failure Report and the resultant failure analysis report system, This
report contains information identifying the part, describing the failure,
indicating the stage of the operation or inspection at which the failure
was encountered, and recording the disposition of the failed part.

Sample report forms are shown in Fig. 13 and 1lk.

The Quality and Reliability Assurance Unit serves as a central point
for processing all corrective action requests, contacting the respon-
sible operating functions (except suppliers), and ensuring that appro-
priate action is implemented without delay. Personnel of this unit
also perform an analysis function to indicate whether the source of the
nonconformance is a design problem, a nonconforming material, or a
faulty production operation. These personnel are uniquely qualified to
perform these analyses because of training and experience, and because
they are sufficiently removed from the line operation to provide effec-

tive and objective judgment.

Corrective action requests initiated by the customer or by Rocketdyne
field representatives will be processed ir a similar manner. Quality
assurance functions and analysis at field and operational sites are

implemented where they are considered necessary and practical,
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AUDIT OF QUALITY PROGRAM PERFORMANCE

Periodic but unscheduled audits of the quality program operation are
conducted by quality support personnel and, in the cases of suppliers,
by the Proctirement Quality Control Unit. The purpose of these audits

is to monitor department conforwance to established quality control
operations, and to effect corrective measures where indicated. In addi-
tion to the periodic audits, requests for additional evaluation can be
made by any quality assurance function or member of inspection super-
vision when it is felt that procedures are not being rigorously

followed.

These audits take the form of evaluating quality operations and records,
performance of inspection personnel and adequacy of procedures to

attain required levels of quality and reliability of product.

Results of these audits and recommendations for correction of deficien-
cies are documented for management and customer use. These records are
used as the basis for followup to ensure that deficiencies are cor-
rected. These documents are also available to serve as the basis for
quarterly summaries of the audits, as specified in Table 1 of the pre-

vious section.
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QUALITY CONTROL OPERATING PROCEDURE Page 1 "of 57 Pages
Dept. and Plant: 55k, 556 AND 65k Date: 16 MAY 1961
TITLE:  INSPECTION SIGN-OFF BOOKS Approva |
Rl it
APPLICATION

This procedure outlines the general methods and Quality Control requirements
necessary to accomplish the Inspection Sign-0ff Books as a comprehensive perma=-
nent historical record of the assembly, test and inspection of FRocketdyne engines
and their systems or components,

Inspection Sign-0ff Books are unique devices that have been developed to outline
and record the exzct sequence of production and inspection operations; to compile
and correlate the various records and forms; to provide a means of controlling

(oy pre-determined.steps) the quzlity of the instellations or operaticnsj to afford
an objective method of evaluating the results achieved by these controls and
records, :

This procedure has been outiined as a reference and training guide for inspectors
using Inspection Sign-Cff (IS0) Books. The following index is for ready references

1, General: IS0 Book Infcnnatioﬁ

2. ISC Book Cover: Form RS8-C or R58-C-1

3, 130 Records: Form 611-U (or equivalent)

L4, Inspection Discrepancy end Correction Records: Form R 25-U
5. Materizais Review Action: Form 669-3

6. Inspection Hpt—Fire Time Sheet: Form 615-R

7. Part Removal Record: Form R 79-Q

8, Shortage Beport: Form 61-Y

9, Serialization Record: Form 604=N-2
10, Orifice Records: Fori 60k-N-1
11, Thrust Chamber Repair Log: Form 607-¥
12, Thrust Aligmment: Forms 612-H Series
13, Safety Inspection Verification Sheet

1y, MCR Verification list
16, Structural Approval and Materials Beviews Form 60-W

ﬁSggggﬁedes R-8,1 dated 28 JANUARY 1960, Complete revisionm,
R .

FORM R 74-2-3 (EOND)
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A DIVISION OF NORTH AMERICAN AVIATION, INC.

TITLE:  INSPECTION SIGN-OFF BOOKS Procedure: R=8,1
Date: 16 MAY 1961 i Page 2 of 57 Pages
1, GENERAL: ISO BOOE3
1,1 It shall be the responsibility of the Inspection General Foreman
to establish the requirements for adequate Inspection Sign-Off

Books that are necessary as a record when completing the fabri-

cation, assembly, processing or test of any assembly in accorde

ance with quality control requirements and applicable specifica=
tions, '

1,1,1 The ISO Books will be prepared and assembled by the Process
Control Group of the Planning Department in coordination with
Manufacturing, Test and Inspection to contractual and - ‘
Rocketdyne quality requirements,

1,1.2 Each inspector shall review the proper IS0 Book before
starting the inspecticn of a component requiring an ISO Book,

1,2 The accuracy and completeness of operation and inspection callouts
in the ISO Books shall be the responsibility of Inspection

Leadmen and Inspection Supervision, However, the Planning Process

Group of the Planning Department is charged with the task of

maintaining the ISO Book callouts current and in accordance with

information furnished by Manufacturing and Inspection,

1,2,1 Neither Inspection nor Mamfacturing shall make additions,
changes or corrections to inspection or operation callouts
in ISO Books, Due to the location and areas of operation
at Neosho, the requirements of paragraph 1,2,1 of the
ISO Book do not applye
1.2,1,1 Inspection Leadmen or Manufacturing Leadmen shall

notify the Process Control Group of the Planning
Department of the discrepancy and request
immediate correction, .
NOTE: Inspection Leadmen, at Neosho, will submit any'
changes or additions to the ISO Book to Inspection
Supervision for approval,

1,2,2 Advance copies of biueprint changes, Engineering Orders

and Process specifications that require a change in sequence

> or numerical corrections to the ISO Book callouts shall be
referred by the inspector to his leadman or supervisor and
the final "buy-off™ shall be held up by Inspection until
the ISO Book changes are completed by the Planning
Department, Inspection or Mamfacturing leadmen or their
supervisors, shall notify the Planning Department of the
changes required and request their immediate action, Only
in extreme emergencies will Inspection and Manufacturing
supervision have the authority to approve necessary
additions or corrections in the ISO Books,

1.2,3 Improvement changes to the ISO Book, such as additionms,
deletions or changes to the sequence of operations for the

A-2 ) R-3729P
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TITLE:
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a TOIBSION OF NORTH AMERICAN AVIATION, INC.

THSPECTION SIGN-OFF BOOIS Procedure: R=8,1

16 MAY 1961 Page 3 of 57 Pages

——— |

1.3

1ok

purpose of facilitating production methods or improving the
quality of the product, shall require coordination by
Planning, Inspection and Manufacturing, This coordination
is only initiated by means of a Sign-Off Change Request,
Form #101-P10, from Manufacturing or Inspection Supervision

to Planning,

1,2,4 Vhen an ISO Book is required for purposes other than a
normal assembly or test it shall be issued by the Process
Control Group of the FPlanning Department and the required
identification information shall be noted by Process
Control Group on the outside front cover, such as, REBUILT
FROM # (original Assy, & Serial #), MODIFIED FROM # (origi-
nal Assy. & Serial #), FINAL SHAKEDOWN INSPECTION OF #
(original Assy. & Serial #).

Entries in the ISO Books or Covers shall be legible, neat and in
ink,

1,3,1 Erasures or obliterations of any entry or callout shall not
be made,

1,3.,1,1 Eniries may generally be voided by printing VOID
over the entry and stamping the ends of line for
identification,

Inspection records will not be removed from the IS0 Books nor
shail the ISO Books be removed from parts, assemblies or inspec-
tion area offices without written authorization from Inspection
supervision responsible for the clearance or "closeout® of the
130 Book into the Inspection Data and Records Group,

1.4.,1 In the eveni of major damaze to the component or assenbly
during assembly or test, the Inspector shall immediately
collect a1l inspection records and forward them with his
report to Inspection supervision for damage survey
(according to ROP H=-S1l), . .

1.4,2 When a test or run is stopped before completion, a squawk
should be entered on the squawk sheet and reference squawk
mumber shall be entered in the ISO Book below the opera=
tion being performed,

1.4.2.1 The inspector shall request Inspection supervision
to obtain pertinent replacement ISO Book Record
Sheets and forms from the Process Control Group of
Planning to repeat the cancelled operation,

1.5 When Mamufacturing has completed operations on the ISO Book and

has accomplished the required Shortage Sheets (Form €1-Y); the
completed IS0 Books shall be audived by the Inspector and the
Inspection Leadman, Acceptance of the ISO Book es fcomplete

erd accurate™ is siznified by the stzups of the inspector and
irspection leacman in the appreprizte blocks incide the froot

cover (Form RS8-C) followed by the sigmature of the respoensible
inspecticn supervisior, A-3
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1.5'1

10503

1,5,

1.5.5

Completed books shall have all items liuted on every
Sign-Off Record Sheet (Form 611-U or squivalent) properly
cleared, This is accomplished when all items are accepted
by Inspecticn or have bteen transferred io the proper
Shortage Sheet (Form 61-Y),

1.5.1.1 The inspector and the inspection leadman shall be
responsible for the completencss and the presence
of all the reguired forms and entries in the
completed IS0 Book,

1,5,1.2 Completed FINAL SHAKEDOWN INSFECTION ISO BOOKS
shall be attached to the back cover of its
applicable ISO Book when completed, (Not appli-
cable to Neosho,)

The outside front cover (Ferm R58-C) of zny ISO Book shall
have a note by inspection supervision or the Process
Control Group of Planning stating any disposition of the
component (excepting normal acceptance) such as: ' MORT,
SCRAP, TEST ONLY, RSBUILD, MODIFY, when the ISO Book is
sent to the Inspection Data and Records Group,

The inspection leadmean and inspection supervision shall be
responsible for the completeness, accuracy and the forward-
ing to theose concerned of the sutseguent ISO Books or the
forms and reports that are to be inserted into the next
assembly bock from the ISO Book completed,

Inspection Supervision shall be respersible for the prompt
forwarding of completed ISO Books to the Rocketdyne
Inspection Data and Records Group Office,

1.5.4,1 1ISO Books for REPARABLE GFP from LOGISTICS shall
be forwarded after close-out, by Inspection via reg-
istered mail or courier to logistics Engine
Clearance for further processing before being
forvarded to the Rocketd;me Inspection Data and
Records Group Office, '

Any engine system or component assembled by Manufacturing,
Department 5.3, and destined for delivery to Engineering,
Department 596, and responsible inspection foreman will
assure that all applicabie records ara recapped prior to
delivery to Test Inspection, Department 556, Canoga Park,

1,5.5.1 The situation is reversed when Engineering delivers
an engine system or component to Manufacturing,

R-3729P
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2, INSPECTION SIGN-OFF BOOK COVER®

The Inspection Sign-Off Book Covers (Forms R58-C and RS8-C--1) are
serialized and are used to identify the Inspection Sign-Off (IS0) Books
as the permanent inspection records of ceritain assembly or test opera-
tions performed on particular components and assemblies, The inside of
the covers contain blocks to record iists of shortage reports, totals
of the discrepancy reports written in the book and blocks for the
inspection sign-off of the completed ISO book,

2,1 The Inspection Sign-Off Book Covers, Form R58-C and R58-C~1, are
initiated and assembled into the ISO book by the Process Control
Group of the Planning Department., The following list of entries
on the front cover should be checked for completeness by the
inspector., Any discrepancies shall be reported by the inspector to
his leadman or supervisor:

(a) ISO Book Serial Number,
- (b) Assembly name and mumber,

(c) Operation, unit mumber and engine effectivity; with 5,0, or
S.P. Items (when applicabls),

(d) Account, contract, G.0, item or release numbers,

(e) Work done for; and index or hardware number with engine,
group or job number (when applicable),

(£) Department where work is to be done, model and Rocketdyne
serial number,

2.1.1 Rocketdyne Serial Number: This is entered by the inspector
when the serial numter is affixed to the component (or by
the Process Control Group for designated components),

2,1,2 Customer Serial Number and Instzalled on Engine Unit Number:
. These shall be entered by Inspection Records and Data Group
at Engine Clearancg.

2,1,3 The variable information blocks, Mamfacturing routing and
operation flow information on the front cover of the ISO
book does mot apply to Inspection,

2,2 The inside of the front covers (Form R58-C and RS58-C-1) have
provisions for listing the Shortage Reports (Form 61-Y) for the
various components that enter into the component or assembly
covered by the ISO Book, The assembly drawing number and the unit
or serial number of the required Shortage Reports will be entered

by Inspection,

2,2,1 The inspector shall check and 'stamp-off! the assemnbly and
serial or unit mumber of the component listed against the
mmbzrs on the nameplates or the units installed before

T R-3729P clearing the IS0 Book,

B ........ - ———- f e m e Rt e e me e e, m e e . —---—--

Toe $1lustrations on perza 7 znd 8,
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TITLE: INSPECTION SIGN-OFF BOOKS Procedurz:  R=8e1
Date: 16 MAY 1961 | Page G of 57 Pages
2.2,2 The summary SQUAVK blocks shall be completed by %he

inspector clearing the bock by entering the diserepancy
report totals (including zeros) from the R 25-U Forms,
acceptance stamp his summary plock and have his leadmen
recheck ihe totals and the beok for his acceptance stemp
in the IM inspection block,

M 2.2.3 Inspection supervision shall verify the book as "Accﬁrate
and Complete™ by signing below the Inspection Blocks at the
final close-out of the booke

2,3 The data in the IS0 Books is compiied and controlled with Integrated

Data Processing Equipment by means of the serial numoer on the ISO

Book cover,

2.,3,1 ISO Book covers shail not be itransferred by inspections

2,3,2 When ISO Book covers are damaged or destroyed, the inspec-
tor shall immediately notify Inspection supervision and
request the Process Controi Group of the Pianning
Department for repair or replacemente

¥QTE: Final stores will be responsible for inspection stamping
of the Manufacturing Prcduction Control (¥PC) Card and
the cliosing out of the ISO Booke

4-6 R-3729P "
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This book contains shortage reports for the following assemblies. Unit number on shortage
sheet must cgree with unit number on installed assembly.

JOTALS

CUSTOMER

SQUAWKS
TOTAL NO. | —

Assembly No. "r{‘": Insp. Assembly No. E& Inep.

COMPANY §
SQUAWKS : B

TOTAL NO.

INSPECTION
l —_

BOOK N

COMPLETE g ‘

T~

INSPECTION SUPERVISION i
SIGNATURE

'
e At e — s

(IR

1.

3.

| .2

5. Sign-off sheets must be completed in a neat and legible manner as they are retained as a permanent . -

INSRECTION RECCID IKESRIATION o )

<4

The Inspection Record cover and its contents constitute a part of the engine or assembly, unit inspec-
tion record and are not to be altered except as authorized by Quality Control Operating Procedures

or inspection supervision.

See Quality Control Operating Procedures regarding: ‘
A. Standards for Writing Inspection Squawks é

B. Permanent Inspection Records .
C. Cancellation of Inspection Stamp Impressions on Sign-Off, Squawk, Shortage Sheets, Etc.

D. Paris Removal Procedure.

All entries made on a sign-off sheet or the sign-off cover will be made in irk or an indelible pencil.
Under no circumstances will the erasure or obliteration of sign-off items, inspection stamp impressions,
or approval signatures be permitted. ‘

The date of installation must be entered only when an item is signed off.

record. ‘

Signing off an item for another employee constitutes a falsification of records which is in violation
of a company rule, and is cause for disciplinary action. (Reference Plant Rule Violations, Rule ”'%, |

Form 62V). , :

Sign-off books, sheets, or any portion thereof will not be removed from a sub-assembly or assembly, -
unless authorized by inspection supervision. ) j

Any changes or revisions to sign-off pages or cover will be made by Pla'nnin\g Department only, and .
will be clock-stamped by the planner making the change. : R-5729P :
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TITLE:  INSTECTION SIGH-OFF ECOES Procadure: L~Gel
Date: 16 MAY 1961 Page 9 of ST Pages
3, INSPECTION SIGN-CFF RZCORDS FORM 611-U OR EGUIY LENT#®

3See illustrztion on page 12,

3.1

3.2

3.3

3, The following entries are entered by Planning and shall be verified

Tris form is uscd to provide an inspectics £ nction cver each
assembly or test cperat :

ion in the Inspecticn Sion-0ff Book,

Individual records of the inspecticn, assembly or test by seguence

ard resvlt, date, mechanic, lealean and inspector can be outlined

and recorded as they are acccomplished,

3,1,1 An equivalent form may ccntain sketches with blanks for
dirersions  for infemmation to be filled in by the mechanie
or inspector,

The Inspecticn Sign-Cff Record Sheets, Form 611-U or equivalent,

are iritisted by Plarnning after coordination with Manufacturing

ard Inspecticn, They fully cover a series of cperations (as a

planning ticket) in as detailed a manner as it is deemed necessary.

A series of ithece sheets are bound tcgether by Plarming with

varicus otrer records and issued as a pari of the Inspection

Sign-Cff Book for the several operations (assembly, test and

inspecticn) whick are ccrsidered necessery to be centrolled and

recorded during any particular phese of manufacture of components
or engines,

3,0,1 ISC Record Sheets that hzve been voided by error, by an

atcrted or inccomplete test, operation or run are retained
in the ISO Beek, Additional record sheets are inserted as

e
reguired for ezch retest or inspection (by the Process
Conircl Group of Planning at Canoga or Imspection at Neosho)
upcn request,

The felleing infermation is ertered by Planning on each page and
shall be verified by the inspector before use,

(a) Page numoer and total number of pages (in the section or book), |
(b) Assexbly neme ard number (as shown on operation drawving),

(¢) PRocketdyme Contract or G.O. number (as shown on ISO Book
Cover),

(d) Department (where the work is accemplished)e

(e) Jig Number (tool rumber of jig or fixture to be used, 1f any).

3.3.1 The Unit or Serial Number (as shown on ISO Book Cover) shall
te entered by the inspector, :

by the inspector during inspection of the cperation,

-9
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A-10

3.5

3.6

3.7

3.8

(a) Seguence {work should be accomplished when practical inm

numberical sequence),

(b) Drawirg station (when required and a zone number for the
creration callout appears on the drawing),

(e) Title (of cperation or installation shewn on draw1ng, process

spe01f1cat¢on or inspection callout),

(d) Yren any data is to be entered cn the ISC Record Sheet by
Xanufacturing or Inspection; properly titled and identified
blocxs must be provided to avoid errors,

The Date and Mech, entries are made by the Mechanic, as are the
tes of the oreration and the clock number of the mechanic
acccrplishing the operation, -

Leadran: The stamp or initials and clock number of the Mechanic's

Lesadman verifies manufacturing acceptance of the operations,

Inspe: The inszector shall stamp this column when the operation

is accertable and has teen properly sigrned off by the mechanic and

leadman,

3¢7¢l If the irnstallation or operation is nct accerted by the
inspectcr he shall note the discrepancy in detail on the
Inspeciicn Discrepancy ard Ccrrecticn Repcris, Form R 25-U,

then enter the discrepancy number under RZVARKS and accept-

ance stamp the operation in the Insp, cclurm of the
operation,

3¢7.1e1 Incomplete operations or tests should be detailed
under Remzrks and in the 20P Report to avoid
dupiicate inspection and testing,

3.7.2 The insrector shall report any deviaiicns by the mechamie

ir the performance of the secuence of cperations called for

in the Sign-Cff Records to Inspection supervision,

Any discrepancy discovered by the inspector shall be written by
the inspector as a discrepancy on Form R 25-U in the ISO Book,

3.8,1 Parts rerxoved or disturbed after an inspection sign-off
shall be reported as discrepancies and also noted on Part
Removal Form #R 79-Q,

3.8.2 Parts on shortage, or incomplete operations, shall be
noted on the Shortage Report Form #61-Y,

R-3729P
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3.9

3.10

3.

Single items that are stamped in error by *hz
voicded by printing "wvoid" across top cof sl
Transfer the inforzaticn to the remarks section

the stamp numter).
at the bvottom of the page with
accegtance stamp and reference

inspector, shall be
(co not obliterate

"Steiped in Zrrort stamp (or print),
action by astleriszs,

3,5.1 Veided écceptances ceused by part removels, =borted or
incompiete test sequences shall be identified by ths

inspector at the bottom

of each page affected,

A11 items not available at time of assembly, must be cleared by
inspection acceptance or have TRAISFEIREED TO SHORTAGE OR HELD UP,

stamped across the Mech,, ‘Leadman and Insp, blocks,

entries on the Shortage Repert
compernent is mecved to the next

3.,1C,1 Small perts, raw stock,
during r.iid-up or test

Also, proper
Form 61-Y shzll be made before the
station,

beits, clamps, etc., on shortage
are to be ncted as HELD UP and

entered zs a discrepancy or Form R 28-U, They shall not be
entered on the Sncrtage Report Form 61-Y until closeout of
the ISO Book, )

It shall te the resporsibility of inspection supervision to coordi-
nate the infor~ation and operation callouts in the ISO records with
Marufacturing, Zngineering and Flanning to aveid unnecessary
compilation of classified informaticn but still give sufficient
direction 4o trne callouts to avoid errors in the cperation and the
recording of the required information,

A<l
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Page Assem. Nome Assem. No. Controct |UnitEff. | Dept.
Of /
OP:’:R. Title Ser. Ne. Unit No. ] Dote | Mech. L'::: Insp.
X X X X
X X X X
; ~
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A DIVISION OF NORTH AMERICAN AVIATION. INQ.

TITLE: INSPECTION SIGH-CFF BCOOK3 Procedure: R-8,1
Date: 16 MAY 1961 Page 13 of 57 Pages
—
L., INSPECTION DISCREPANCY AND CORRECTION RECORDS (FCRM R 25-U)%

*Sea 1llustration on page 17,

4ol This form provides a uniform format for the historical record of
the errcrs or omissicns feund by Inspecticon and the Customer
Representatives, as well as the corrective actions taken by
Manufzcturing and Erngineering during ihe assembly and test of
rocket engires and components that use Inspection Sign-Off Booksj;
so that the deviations found and the corrective actions taken,
may be znalyzed for need of further action,

L.,2 Inspectiocn Discrepancy and Correction Record Forms (R 25-U) are
inserted ty the Pianning Department in every Inspection Sign-Off
Book (IX) that is used in the assembly or test of rocket engines
or corpcrients by Rocketdyne and they shall be maintained as a
part of ihe permanent inspection records,

{1

ach Form R 25-U shall be identified by the inspector with
ne entry of the serial number, drawing number and the
rodel numbter of the assembly as shown on the cover of the-
applicabtle ISO Books

L.2,1

ot

L.2.,2 A1l deviaticns from engineering drawings, specifications
* cor inspecticn procedures shall be entered in sequence by
the inspector as discrepancy reports when discovered,

4.2,2,1 INTCRYATICN discrepancies may be written by the
inspector to record pertinent data noted by
Irsrecticn, Mamufacturing, Test or Engineering
personnsl, '

L.2.3 Additicnal R 25-U Forms shall be iritiated and inserted into
the ISO Book by the inspector as required,

Lh.2.k The blcck on the heading of each report entitled DESCRIPTION
OF DISCREPANCY AND ACTION TAKEN shall be used by the
iritiating inspector to indicate the inspection segquence
point and station or area of the discrepancies noted, i.e.,
assembly, lst E & M, pre-hot-fire, ete,

L,3 Discrepancy entries: Writing of discrepancies on the R 25-U
Forms will be the scle responsibility of the inspector, Howsver,
a separate Customer Inspection Discrepancy and Correction Record
may te initiated for the use of the Customer Representative,
(Notaticns, discrepancies or information discrepancies on Form ..
R 25-U are to be screened by Inspection supervision, Inspection
super;ision will determine the action to be taken on such informa=
tion,

L,3,1 DCP No, or Discrepancy No,: All discrepancies shall be
mimbered by the inspector starting at one (1) and continuing
on in sequence thrcughout the operations in the ISO Book,

A-13
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13,2

k]

L

Entered by and Date: The inspector writing the discrepancy
shall enter the current date and clear impression of his
acceptance stamp here,

Part No.: The rumber that matches the name of the part or
asserply agairst which the discrepancy is vritten (including
any serial numcer), followed by REr,: (Show operation
sequence mumber as shown in the ISQ Book or the assembly
draving and zone numbers,)

b.2.2.1

tr /0

When the discrepancy has no part number, the work
GENE=Ll and a description of the condition shail
be written in this block,

Discrepancy descriptions shall be written by the Inspecter
to a wiform fermat in a clear concise manner, The inspec-

ticr leadman will be responsible for the training of and the
reperts made ty his inspectorse

4.2.L.1 The fcrmat of discrepancy descriptions shall bes

HAPPENED

hiz'h.z

TO W=AT
(subiect)

(ver:

WHAT, WHEN, WHERE
{cbiect) (AT)(ON)

Threzds s
Ring

ANS21-SR3 on cover
Lip
Valve
B mt a2t valive end
Strut

£11 inspecticn reports of discrepancies should state
in guentitative terms whet the item should be end

wnzt was found as:

tripped

nicked
is

damaged

Fziled to cpen

leaks
rides

on & boss
on AFT bellows
ANS21-SRO
on "O" ring groove
on test #
on 3000 lb, test
on 9512-1873 Gear Case]

Le3.5

3,125 +

SCC
35

.0005{

-,0000 DIA is 3,128

DIM of % - 28 thrd is ,h2S
+25 DIA holes are 33 holes

Discrepancy eriries shall be reviewed by the inspection

leadman,

Repetitive and major discreparcies shall be

Lok

processed for correction action of Recurrent Discrepancy
Forms 88M or £13-N according to Rocketdyme Quality Control
Operating Prccedure.

ACTION TAKEN - A clear concise statement of the action taken to
clear the discrepancy should be written here - this standard

format is suggesteds

TO WIAT
(subjet)

DORE
(verd)

WEAT, WHEN, WHERE
(obiect) (AT)(CON)

Part #
B m-
Damaj;:d screws

A-14

Replaced

Tightened or Assy, #oxx

Replaced

wWith Serial #xaxx

R-31729P
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A OIVISION OF NORTH AMERICAN AVIATION, ING

TITLE:  INSPECTION SIGN-OFF BOCES Procedure: R-8,1
Date: 19 APRIL 1962 SUPPLEMENT NO, 1
Page 158 of 57 Pages

—— |

QCOP R-8,1 is changed as followss

4.4.1 ACTION BY MANUFACTURING: Below the broken line, the mechanic will
record the action taken, enter his clock number and insert the
current date in the "Mech, & Date" block of the "Cleared By"
section, When the production leadman approves of the action taken
by the mechanic he will stamp the "“leadman & Date" block of the
form, If the approval is made on a date other than that recorded
by the mechanie, the date of approval will be recorded,

4.4,1,1 If rework is acceptable to inspection, the inspector shall
acceptance stamp the "Insp, & Date" block, When the
acceptance date differs from the approval or action date,
the acceptance date will be recorded,

RJWiis

NEW SUPPLEMEN?,

Do not remove QCOP R-8,1,
File between Page 14 and Page 15 of QCOP R-8.1,

Supplement No, 1 clarifies the dates to be entered in the "Cleared By" section of
"Inspection Discrepancy and Correction Record," Forn R 25T,

A-15
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Tage 15 of 57 Pages
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hob.1

LhoL.2

L.l

ACTION BY MANUFACTURING The pochen”: 31Y rzocord the
action taken (below the brcken Tine)  oter his cloek
number and insert the current d-te (i “he Mech, & Date
bleek of the Clezred by Socticn), When e Preduction
leadman approves of the action tzaken by itle wechsnic he
starps the "Lgadman and Date™ bliceok of the Jooma avd
indicates the date of approval.,

)

L.i.1.1 If rewerk is acceptable to Inspection, the
inspectcr shall acceptance stamp and date the
Inspection and Date block,

sceptarle to Inqpectlon, the

new discrzpancy referring
to the cid discrejancy o

Y c
inspecter will wvi*
rmemzer in the new DCP No.
ar

Lolis,1.2 If the rework is no
U

bleck and will +leu cieer the original report by
noting (Zevork unsatisfactory, See DCP #) in the
action taken block and ¢tarmping the Inspection
and Date Ylocks,

ACTICH BY MATERIALS REVIEW: The inspector shall initiate a
Quality History Card Form 602-R for the discrepancy and the
inspection leadmar shall note under action taken, REFERRED
TO MATERIALS REVIZY, and enter the scrial mumber of the
Form 609-R., (See Sect. 5)e »

ACTICN ACCCMPLISIED

O
[}
-t

JJ.L'.B.]- Eng"r"%’”"ng ord
enginesring ord
discrepancy, ¢r

w0 @

3 r3 0 5w

[
1 oY
m
(9]

O o
e
a8

3

‘}

oDow

n i1l record the
» bleck and azcceptance
zdman and Inspection

(D

sr
er
ST

NS &
SR e

)

!
’J
ISR S S oY
o

J

iy

m
b~y

1G]
o
f
T g
[D AN
4
Q.+
o
(W)
cH

R

i
W

3%

)

3
]

Loi.2.2 Vhen an asscmbly is movad to another area before
‘ the rewcrk can be accomplished, the discrepancy is

transcrived by Prcduction and verified by Inspection
on the Shortage Report, Form 61-Y, and thse Action
Taken tlicck marked TRANSFERRZD TO SHORTAGE., The
inspector will stamp THANSFEREZD in the Mechanie
and leadman blecks and stamp and date the Inspection
blocks,

h.h.3.3 A discrepancy that is to be cleared in a later
sequence may be trensferred to the Shortege Sheet
by Marufzcturing by noting action es SHORTAGE or
HELD UP and stamping TRAISFLRZED in the Hachande
and Leadnan blocks, The ins t
the transfer befors stzping and
Inspection blocks,

A-17
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L.kl ACTION NOT REQUIRED

L.h.L,1 A discrepancy (DCP) entered in error shall be.
cleared by the originating inspector, the inspection
superviscr or his leadman bty noting ACTION NOT
BROUIRED and cause of the error as (Duplicate of
DCP #) (Ertered in Error) (Wrong Beook) (Wrong
Drewing) in the Actior Taken block and acceptance
stamping znd dating the Leadmen znd Inspection
blocks, ‘Caution should be taken nct to obliterate
the inspecticn stamp number,)

b.b.Ll.2 A discrecency referred to MR for action and with
USE £5 IS dispesition on the R Form 609-R shall
be clearsi by the inspector noting such MR action
in the Ac=:on Taken block ard acceptance stamping
and datirz the Leadmen and Inspection blocks.

1,5 Void Inspection Stamps

L.5.1 Void Inspection Stazmps will be accomplished in accordance
with Paragraph 3.9.

h,6 FIRLL ENTEY AT ZACH INSFECTION STATION

L4.6.,1 When the last discrepancy at each inspection station is
entered, the inspector shall review the discrepeancies written
in his area and sh231 vrite below the last report:

INSPECTION COMPLETZ, the name of his station -or area and the
date, The impression of his inspection stamp will verify
the ccmpleteness of the reports and the action taken,

4,7 CUSTOMER INSPECTION DISCrZrANCY AND CORRECTION RECORDS

Lh.7.1 The customer Quality Contrel Representative may elect to
use tne same formst for his discrepancy reports to assure
eniformity of reccrds and procedures.

L.7.2. Customer DCP reccris, if used, will be placed by Inspection
under the fronmt cover of the Inspection Sign-Off Booke

Lo7.3 Customer Quality Cortrol representative will write TO BE
RESUEMITTED, in the block entitled DESCRIPTION OF DISCREPANCY
and ACTION TAKEN, if he does not delegate the acceptance of
the corrective action taken to the inspection supervisor to
Section L4 of this procedure,

L.7.%.1 Discrepancies to be resubmitted will be coordinated
by inspection supervision or inspection leadman with
specific inspection instructions,

L8 Any informa-ion squawks cr entries made in error are not considered
as countabl( squawks against the assembly and fabrication of a
component o." engine,

R-3729P
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5. MATERIALS REVIEW ACTION (FORM 609-R) IN THE INSPECTION SIGN-OFF BOOK#

S,1 This form is supplemental to the Insrection Discrepancy and
Correction Records Form R 25-U and is used in conjunction with
the ISC Zook to reccrd the discrepanciesnoted by Inspeetion which
cannot te accepted or whose rework to the required specifications
cannot be cliecared by the inspector, This form also provides a
unifom mermner of reccrding the instructions of the materials
revievw engineer and the inspection supervisor to assist Mamufactur-
ing and Inspection in the correction of the immediate discrepancy
as vell as providing a historical record of materials review
acticn as a basis for analysis and corrective action on repetitive
defects,

5.2 VWhen a discrepancy (2 25-U or Structural Approval or Mazterials
Review Form 60-W) frcm an Inspection Sign-Off Bock entry is to be
referred to Mzterials Review for action, the inspector shall
initiate a Quality Zistory Card, (QHC) Form 609-R, according to
QCOP R-k,L and R-L4,9 except for the following instructions:

.2.1 Part Nurber: (Item #2 on the 609-R Form) The part number
of the part or assembly requiring ISD or MR acticn and
referenced in the Form R 25-U or 60-W will be entered,

5.2,2 Nave - Item 3: Enter the name of the major assembly from
the face of tne Sign-Off Book, for example, Turbo Pump,
éT/P), Thrust Chamber, (T/C), Engine, or Gas Generator,

. GOG.).

5.2,3 Unit or Serial No, - Item liz Enter the unit or serial
nurber of the major assembly from the face of the
Sign~0ff Book, :

5.2.4 The discrepancy number will be referenced on the back of the
QEC in item #39, ’

5.2,5 Discrepancy Cetail - Item LO: The discrepancy will be
transferred t:- the inspector from the R 25-U to the reverse
side of the 3ZC (Form 609-R). The serial number of the
Form 609-R wili be entered on the R 25-U as a cross referenced

5.3 The discrepancy in R 25-U or 60-W and the Form 609-R shall be
referred to inspection supervision for preiiminary analysis into
one of the following categories;

(a) for items that may be reworked using a method of the Standard
Repair Mamual,

(b) for itemy requiring normal rework for acceptance,.
N .
(¢) for items that will require MR action for disposition,

P --ra-

#8ee {1lustrations on ﬁadws 20 and 21,
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5.7

wm
L]
Cn

—_—

The discrepancy shall be left open until Materials Review or ISD
action has been zccomplished and accepted.

Dispositions requiring MR Engineers approval: MR engineer will
indizate disposition by signing item #40 but his <uqnp is placed
in coclumn #35 and checklng disposition type # or 5 as applicable
in item #368.

The entries in items 20 through 26 by the production leadman will
be required in accordance with QCOP R-i,17, paragraph 3.2 through
3.3, when the 1SD or ¥R d150051t10n is rework.

Disposition on 609-R Form shall be written only by authorized
Inspection or Matesrial Review personnel, For further informa-
tion on the 63%-R card, see QCOP R-4.1 2nd R=h. ke

Erasures shall not be madej corrsctions shall be made by the
Inspector by suiriking out the error with a singie line and
sizmping the entry,

After all d'S:OSltlon entries have Been accomplished and
transferred to the 60-W, the 609-R card +ill be removed from the
IS2 book and placed in the Quality Assurance pick-up box,
(Cusiomer surveiilance of 609-R cards is as requested)

X ’ A T FSEA €0TR Bez 1G-S
NC.:’;_'- * DISCREPANCY LCETAIL & REWCRK INSTRUCTIONS \\\ : l

\ ?

.. CORRECTIVE ACTIC!: REQUIRED T Signed : mgﬁ
. CORRECTIVE ACTION

A-22
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6o INSPECTION HOT-FIRE TIME SHEET (FORM 615-R)

6.1

6.2

The Form 615-R, Inspection Hot-Fire Time Sheet is a part of each
Inspection S5:ign~-0ff Book reguiring the recording of hot-firing
time for engines and applicable ccmpenents, This inforrmation is
retained as-z permanent inspection and historical record utilized
for quality and reliability performance analyses,

The Inspection Hot-Fire Time Shzet is designed for the purpose
of recording, accumulating and controlling allowable hot=fire
time on engines and components,

The Inspection Hot-Fire Time Shests are inserted in the build-up
ISO Books t:- the Planning Process Control Group with Inspection
responsible for the following entries:

6.3,1 Engine Model No. :  Enter the model number applicable
to tne engine, Occasions do arise when Plan of Action
letters stipulate changes to engine models, Consequently,
it is advisable for the inspector ito check with the
Piarring representative in the area to obtain the
necessary information,

6.3.2 Compcnent Name Enter the nam2 of the component,
i.e., Thrust Chamber, Turbopump, Gas Generator, Turbine, etc,

6.3.3 Serial : (Upper Rizht Cornmer) Enter the Rocketdyme
serizl number of the component, If an engine is being
"~ hot-Tired the unit numcer, taken from the top of the
ISO Zook, is entered on this line,

6.3.4 Corzconent Name & Part Number - Enter the applicable
comrconent name and part number in tnis column, Vhen an
engire is being hot-Iired lisi the engine model and

numczr and the applicable compeonent names and part numbers
that require a hot-fire time log,

6.3.5 Serizl Number ~ Enter the component serial number, When the
engire is listed the unit number taken from the top of the
IS0 Sook will be entered,

6.3.5 Accrmalated Time Green Run - This column appiies to
appiicable components, Entries for "Green Run Firings,®
for a component, is the responsibility of Inspection at
the Tropulsion Field Laboratory (PFl-Santa Susana), Entries
for "Accumulated Time Green Run® for components when an
engire is to be hct-fired is the responsibility of inspec-
tion in Final Ass:-1bly, This information is obtained from
the issenbly Iden ~.fication-History Record Card (Fom
R §2-H-1 "Blue His™ ry Card"),

6.3.5.1 Vhenever 2- erngine is to be released for hot-fire,
inspectior cersonnel of Final Assexbly will
determine ‘:ich ccmpeonents may be removed from the
engine sys - m because of the allowable hot-fire life
cycle of t' - comrponent, A-25
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6.3.7 Ins. (Inspection): The inspector will verify the entry
made on each line by placing an inspection acceptance stamp
in the appropriate blocke

6.3.7.1 ‘herever "Ins." columns appear cn the form an
inspector's acceptance stamp Is required, applicable
only to the entry in the apprepriate columne '

6.3.8 Run Number - Into the first block will te entered the rumn ’
nuriber. This number is obtained from Engineering and is
entered by inspection (PFL) for each rew hot-lire start,
Only ore run nurber to a column. The time, ap iicable to a
ran nu~oer is entered in the tlocks below, Actual run time
will te recorded.

6.3.9 Total tccumulated Time (Under "Engine" Block) -~ In this
column the inspector (PFL) will enter the sum total of all
hot-fire runs appliicable to each component, The sum total
of the engine hot-fire time will also be entered in this
column,

6.3.10 Date Insp, - The responsible inspector will enter the date
and inspection acceptance stamp verifying the entries,

6.3,11 Remarks - In this colum pertinent information will be
entered such as, component replaced Ty (give serial number),
see MReplacement Record," etc. The inspector will apply
his stamp at the end of each entry,

In the "Replacement Recording® portion of the form will be the name,
rart number and serial mumber, etc, ol the component replacing the
component that had to be removed,

6.,:,1 If no run time has been accurulated on the component, the
L »

digit "O" will be entered in the "iccum, Time Gr, Run®
column,

R-5729P
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7. PART REMOVAL RECORD FOR{ R 79~Q OF THE INS-I27.0] SIGN-OFF BOOKs

7+l The Form R 79-Q is used by Manufaciuring -4 Tiorection to assure
the accepiatle replacement, operaticn or test of any or all items
whose instaliation has been previcusly inspected and they disturbed
in the subseguent removal or reinstallation of any part on those
assemblies using Inspection 5ign-0ff Books as a history record,

7.1.1 The accuracy and the completeness of the Part Removal Record
shall oe the scle responsitility of Inspection and shall be
maintzined in the Inspection Sign-0ff Book,

7¢2 When any part is to be removed or an adjustment is to be disturbed
by any operations after their inspeciion sign-off in the ISO Book,
the mechanic will make the appropriate entry on the Part Removal
Record (Form R 79-Q), '

Te2¢l The mechanic sheould enter the necessary information on the
Form R 79-Q and secure the approval of the inspector to
make tne remncval before the removals are made, The
Inspector is responsible fer the completeness and the
accuracy ol all entries on Form R 79-Q and for giving

authorization for each removal,

7.2,2 The following information is to be eniered on the Form
R 79-3 by the mechanic prior to removal:

(a) DEPARTMENT: The area where the removal records started,

(b) ASSEZMBLY NAME, ASSEMBLY NO,, SERTAL NO.: These
identily the assembly from which the parts are to be
removed and should te as shovn on the cover of the
IS0 Book,

(¢) ITEM: Name and number for each part removed (as showm
cn the drawing),

(d) REASON FOR REMOVAL: EO nurber, change letter, Dise
crepancy #___ or to Remove # |,

(¢) EMP, NO.: The mechanies clock number,

(f) LOCATION: Station where removal is to be madss
(st E & M, CP) or (TRE-2SS),

(g) PRR #: From LH cornmer of Parts Replacement Request,
Form R-174 (if applicable),

Te3 Vhen rémcval authorization is requested the Inspector willg

(a) see that the Part Removal Record sheet is inserted securely
in “he ISO Book,
A-29

#5See i1lustratio) on page 30,
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7.k

(b) determine that the removal is necessary,

(e) 1ist Discrepancies and enter the part punter of any
cther disturbed assemblies and functional tests if
required,

(d) record the entries listed telcw and verify the entries

recorded by Manufacturing.

OK TC 2EMCVE: The Inspector's acceptance stamp in the Co,
Insp, tiock will verify all oreviocus infermation (on the date

starmped) and authorize the removal. Custcmer Inspection
stamp will be secured by the Inspector (if required),

SERIAT NUMSER, ORIGINAL: Inspecticn to verify or record
NONE {if applicable to the removed items),

CAUSE for the malfunction or results cf test shall be
entered by Inspectione ’ .

TR # is the (FCDR #) Failure and Censumption Data Reporting

nurber (Form 61C-C-60) the Inspector shzll enter NONE if
not reguired. :

INSPECTION: Inspector will verify the TR # entry or the
Failure & Corsumption Data Report {(FCIR # ) with his
stamp,.

OX TC INSTALL: Vhen a part is to be reinstallied or a new part
instalied the Inspector wills

7.4.1 SERIAL NO, NEW: When Manufacturing enters the serial mpumber
of the item installed the Inspector shall verify (or record

(a) Verify that the replacement part is acceptable,

(b) Ze sure that the area is free of obstructions,

(¢c) Determire that 2ll irstallalion preparations are as

stown in the ISO Book

(d) Te certain that all discreparcy entries on the "squawk
s-eet" are cieared and the reguired functional tests
rave teen performed to assure proper installetion and

cperaticn in the entire area,

(e) Submit tc Custcmer Inspection for acceptance stamp,
if required,

(£) Signify inspection approval by stamping the “Co,

Inspection® block on the form with his acceptance stamp,

NONE if applicable).

R-3729P
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7.L.2 INSTALLATICN OK: When the mechenic enters his clock number,
the Inspector will ecceptance stamp and date the INSPECTION
block and submit the recerd to the Custcrer Inspector, if
required, for his stamp if the item has be:n installed
acceptably.

7.be2.1 VWhen INSTALLATICN is incomplete the entry shall be
stamped "Transferred to Shortage" or "Transferred
to Keld Up" and inspection stamped tc verify that
the item will not be reinstziled in the area, Or
"Trznsferred to Sign-O0ff Book" {when extensive dis-
assembly is required and the pertinent section of
the Sign-0ff Book is added to ccver the rework
operaticns required), The Imspecter shall cross-
check all transfers into the ISO Bock and Shortage
Report (Form 61-I),

7.4s2 OPERATION OX: When the mechanic enters his clock numter,.
the ;nspectcr shall acceptance stamp and date these blocks
ard submit the record for the custcmer inspection stamp (if
required), If inapplicatle the Inspector will stamp NOT
REQUZRED and verify this with the inspection acceptance
stamp, :

Tre Inspector shall give particular attenticn to adjacent parts or
2ssemtlies tret may have been disturbed by the removal, reinstal-
istion or adjustment of the items recorded, The Inspecter will

te respensiblie fer writing the recuired discrepancy to assure the

zcceptztie replacement, adjustment, operaticn or test of any or
21l disturbed items,

A-31
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8, SHORTAGE REPORT (Form 61-Y)%

8.1

842

The Shortage Report (Form 61-Y Rev, 3-56) is used only for
components trnat are assembled by an Inspection Sign-Off (ISO) Book,.
They are used to record part shortages, items whose assembly is
held up due to shortages, operations not checked due to shortages,
to record tne fulfillment of shortages out of sequence in the
department and to collect and transfer a record of the shortages

so that ther may be accomplished and recorded in other departments,

Inspection Pesponsibilities:

€.2,1 Inspection will be responsible for checking, verification
and close-out of Shortage Reports,

§.2.2 Inspection will verify that a Shortage Report is in each
Sign-0ff Book and that a Shortage Report is piaced in a
shipzing enveiope and attached to the assembly at the time
of sign=-off,

The followirg information is recorded in the Shortage Report by
Yanufacturing Persomnel and verified by Inspection,

(a) ELEC., ZCYH,, ORIG.,, DUP,: These will be checked to indicate
the nature of the entry and whether the Shortage Report is an
original or duplicate copye

(b) ASSEMRLY NAME: As shown on the applicable drawing,

(c¢) ASSEMRIM NUMBER: The assembly on which the parts are short or
held up,

(d) L.H., R.H,, UPPER, LOWER (IF APPLICABIE): As shown on the
assembly drawing.

(e) DEPARTMEIIT NUMBER: The department initiatinz the Shortage
Report, :

(£f) SHIP OR UNIT NUMBER: The engine or unit sequence number as
shown on the cover of the Sign-Off Book,

(g) CONTRACT NO,: As shown on the Sign-Off Book,
(h) SERIAL KUMBER: The company serial number of the assembly,
(1) DATE: Shortage Report formm origination date,

(3) SHORTAGES: (Check one): Indicate whether the part is am
ACTUAL (missing) shortage or HELD UP item (unaccomplished),

#See iliustration cn pag3 Bh.
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NOTE: An actual shortage may necessitate entering an item or
an operation on the shortage report 2s a "held up" item
because its installation or operation may not be completed
until the shortage is installed,

(x) SHORTAGES, IUSPEC, VERIFY: Inspection Acceptance Stamp in
this block werifies that the item is "short® or "held up®
and that it =23 been properly transferred from the Inspection
Discrepancy and Correcticn Record (Form R 25-U),

(1) GQUANTITY: The quantity of parts short or held up.
(m) PART NMBER: Of the shortage or held up item as shown on the

assembly drewirg, (Wnen parts are called out on assembly
drawings otrer than the assembly number nzred in the report -

reference trne <oserbly drawing number which calls out the
part)s
(n) COMPLETE PAST NAME: As shown on the applicable assembly
drawinge.
8.3,1 When the s=hortage items are insteiled for 211 entries on
[ ] (=
the Shortzze Report (prior to trznsferring the assembly to
ol

the next Zepartment), the Inspeition Leazdwan or Inspection
Superviscr will ciose out the report by placing the date and
his signz<ure and stamp on the line immediately below the
last shor-age or held up entry,.

8,3,2 Entries f:ir those shortages transferred from the R 25-U form
or other srortage reports shall have "Trensfer to Shortage®
or "Held Uo" stamps applied; the Inspector shall place a
single irssection stemp in the right hand inspection column
on both t-2 Discrepancy Report ard Shortzge Sheets on the
line witr the stamp and referring entry,

8., Upon compietion cI assembly build-up, the IS0 Bocks ghall be
audited by Manufzcturing and Inspection,

8,L,1 If any items resain unaccomplished, these items shall be
recapped 1o a Shortage Report (Form 61-Y) on a single form
with two spaces left for action tsken and verified by the
Inspector, This single form shall be inserted into first
subsequent ISO Book by Inspection,

8.L4.2 After transfer of the assembly to the next department, the
follewing entries are recorded on the Shortage Heport upon
sampletion of installation of "short" or "held up® items,

8.4.,2.1 Date: The date that the shortage or held up item
is installed,

8.4.2,2 Vech,: The clock rmumber of the mechanic making the
‘nstallation and recording the action taken,

A-34 o R-3729P
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8.4.2,3 L.M.: The responsible Manufacturing Leadman's
stamp,

8.4,2,L Insp,: The Inspection acceptence stamp in this
coiumn verifies that the installation is
accegtable and the Date, Mech, and L,M. columns
are completed,

During first £ & M hot~-fire and second E & M checkout,

if any additicnal shortages or held up items develop, they
shall be recorded by Manufacturing on the same 61-Y Fomm,
inserted in this book by Final Checkout Inspection and
verified by Inspection, :

At completion cf engine acceptance by the custcmer, the

E & M Checkout and Hot-Fire Book shall be audited and if
any shortages or held up items cannot be cleared, they will
te recapped ©y Mamufacturing and verified by Inspectlon on

a2 single Form 61-Y, This single form shail be placed by
Inspection in 2 shipping envelope and attached to the engine
for preocessing into shipping,

At the cleoseout of trhe Inspection Sign-O0ff Book and CVR Book from
any station or area and no shortage or held up items are recorded
on a Shortage Report, the Insp°ctor will close out the report by
placing the word "NC -", the date, his signature and his stamp on
the first line,

A-35
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SIHHORTAGE REPORT : '

A
D ELEC. D MECH. D ORIG. D puPr. o
NSSEi Lt MAVE AESEMELY NO. L.H. R.M. UPPER | LOwWER
CEPARTHMLIT NO. SHIP OR UNIT NO. CONTRACT NO. | SERIAL NO. DATE J'
]
QuaN.] PART NUMBER COMPLETE PART NAME DATE MECH. | LM, IRSP,
B -
x|
-
) T

This sheet Is to be prepared in duplicate by the

Responsible preduction personnel will place
tnepection will add the original and/or the
impression in the applicable bleck.

production department. Al entrles wili be mads with pen, indelible pencll or with a typewriter.

a check mark (V) In the applicable colu tn to indicate whether the shortage ls actusl or held op.
duplicate shortage sheets i the sign-off boik and verity correct entriss by placing an Inspection stamp

D TTIOOND
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9. SERIALIZATION RECORDS IN ISO BOOK#

941 The Serialization Recerd Sheets (Form 60L-N-2) are used in the
Inspection Sign-Off Bocks to record the serizl numbers and instal-
lation dates of certain selected components installed in the
assembly, These records are retained as permanent inspection and
historical reccrds and are utilized in quality and reliability
performance arnzlyses of engines and components,

9.2 The Seriaiization Recerd Sheets (Form 60L4-N-2) are initiated,
inserted and mzintained to current status in the Inspection Sign-0ff
Book by the Prccess Control Group of Rocketdyne Planning Department,

9.2,1 The Piarning Department ernters the part name and number on
the heading of each sheet,

9.2,1,1 These entries shall be checked by the Inspector and
should be identical to those on the frent of the
cover of the ISO Book,

9.2,1,2 The Inspector shall enter and verify the serial
numter of the assemtly frem the front cover of the
IS0 Beok (as assigned),

9.2.,2 The Piarning Department will list the Part Numbers and Names
of serizlized assembliies or parts that are to be assembled
in the component, ) :

942.,2,1 These entries shall be checked by the Inspectof to
the applicable drawings, sign-cff records and the
actnwal installation, '

94¢2.2,2 The Inspector shall enter the serizl mimbers (in
the ORIG, S/N Blocks) of the parts listed frcm the
actuel installatien, dating the DATE blocks and
acceptance stamping the ILSP, block to show verifi-
cation, (Use the Rocketdyne Serial Nurbers when
available)

9.2.3 The Insrector shall make ccrrections or changes to the part
names or numbers entered on the Serialization Record and
shall nctify the Inspection Leadman or Inspection Supervision
to request immediate correction by Plamming,

9.2,k The accomplishment of the Replacement Data section of the
Serialization Reccrd is the responsibility of the Inspector
and shall be coordinated with his acceptance of the Part
Removal Record (Form 79~Q) of the ISO Book,

9.2.h.1 The Inspector shall enter the serial murber, date
and his acceptance stamp in the appropriate lins
and columns to record the replacement of any item
listed or the Serialication Record, A-37

#See illustrition on page 37,
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9,212 When an item has been replaced.and its replacement
date scction is filled, the part number and neme
shall be trensferred to a vacant line and the new
(replacement) serizl mmber entered in the ORIG, .S/X
with the installation date entered with the accepi-
ance stamp of the inspector in the Date and Insp,
blocks, The Inspector shall then draw a line
through the Final Verification blocks of the origi-
nal line of entries,

9,2.,1i,3 Vmen the part number of an item on the Serialization
Fecord is changed at & replaccment (due to EO or
drawing change) (For informaiien only), the Inspece
tion leadmen or Inspecticn Supervision shall be
notified to requesi the Plarning Depariment to make
ar, irmediate ccrrection of the Ssrializatien
Record by an entry of the new nurber on a vacant
line,

9,2.14,3,1 The Inspector shall clese out the pre-
vious line of entries by drawing a line
through remzining Repliccement Data blocks
ard the final verificetion blocks, then
entering the serial ru-ter of the newly
irstalled ;ar in ihe new line under
ORIG. S/ with the date and his accept=
ance stampe

<

re clcseout of the
T resence of the part
ber on the zszamtly (as written),

9,2,5 Final verification entries ars
Inspection Sign-CIf Bock <c 72
by pert rumber and serial nurh

13 Serialization
ock for naxt

pector or the

£ the book or
rcup after Final

9.2.5,1 Transfer of the Final Engine fscerl
Pecords or infermaticen to tie ISO 5
assembly or test shall be oy the In
Inspection Leadmen a{ the clcssc
by the Inspecticn Recerds ara
Verification,

9,2,6 Pricr to closeout of the ISC Beok the Scriziization Records
sheets shall not be removed or transferred from the Book
without the written consent of the Inspzciicn Supervisor
responsible for the closeout approvel of the IS0 Book,

A~-38 R-3729P
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SERIALIZATION RECORDS
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S/N
PART NO. PART NAME
PART NUMBER PART NAME ORIG. REPLACEMENT DATA HNAL VERIFICATION
S/N DATE INSP, S/R DATE INSP. S/N DATE INSP, DATE INSP.
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10, ORIFICE AND RESTRICTOR RECORD

10,1 The Orifice and Restrictor Record (Form 60L-N-1) is used as the
permarent inspection record of the sizes, locations and part
numbers of those orifices and restrictors in rocket engine systems,
During the various trials and tests that are made to achieve come
liance with specific detailed Engineering parameters, assembly
and test personnel may change orifices and restrictors,

# The only orifice and restrictor changes made on the rocket engine
are those required by drawing and the final size determined by
rocket engine calibration testing, All other changes will require

- an Engineering Order,

All measurable crifices shall be inspected at the time of _
instellation and recorded on the orifice log of the IS0 Book,

: A1l orifice parts will be adequately sealed and verified by

b inspeciion upen installation in the rocket engine, If seals are
broken by anyone other than an inspector, the orifice will be

A remeasured, reidentified if required and resealed, If subsequent
removal of an orifice is necessary for recalibration or amny
other reason, the above reguirements shall apply relative to
reinstaiiation and recording, A cross reference will be made

ol 130 Book Orifice Log, Orifice Installation and Engine Data
Leg eorifice size callout at time of 2nd E & M prior to delivery,

10.2 Rockel Engine Assembly prior tc Acceptance Test

10.2,1 Orifice parts to be installed in the rocket engine will
be identified with the part number, inspection acceptance
stamp and packaged in a sealed bag, The sezled bag will be
appropriately identified to preclude it being opened,

10.,2.2 Recording all orifice changes pricr to acceptance test
will be accomplished by entries in the Part Removal
Fecord Form R 79-Q and nct the Orifice Log Sheet in the
IS0 Book,

10,3 The Orifice Record sheets are initiated and inserted in the
first tuild-up ISO Book by the Planning Process Control Group
with the following entries to be verified by the inspector,

10.3,1 R/E : This is the assemdly number as shown on cover
of the ISO Book,

10.3.2 R/E Ser. No, ¢ This is for the series group and
model nunber as shown on the cover of the IS0 Book,

10.3.3 Page__of _: This identifies the total number of
Orifice Reccrd Sheets that should be in the book and
their sequence, .
; ‘ f A-K1
10.3.4 Rov, Date : This is the last change date by Process

‘Control Group of the entries,

" R-3729P
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10,3.5 Part Number & Name: These blocks are used to record the
system (Fuel or Lox) and whether the part is an Orifice
or a Restrictor Plate, follcwed by the part number of
the jitem,

10,2,6 Lecation: These are detailed descripticns of the unit
systems and tre items between whicn ihe Orifices or
Resirictor Piates are installed,

The bhalance of tre eniries on the Orifice Record sheets shall be
made and ver:fied by the Inspectors,

10.h.1 Cecntract :+ The contract pumber zs shown on the IS0
Beok Cever,

10,L.2 R/E Ser, YNo : The serial rurover zs shown on the
180 Beek cover and must be compatitle with the series
group rumters shown by Planning,

ASSTZMBLT ARELA The ares 1c°rt*’*caulon and the date of the flrst
DATE ¢ irstelliation inspection,

10,5.1 S te entered by the Irspecter from the
t, verified size of the cpening on

n shown under rart mumber, rumber

10.5.,2 Irsp irscector's svarp is nlaced here to

i ance of itre teg and Crifice installation,
Run Number: Vrer an COrificsz or Pls
shall neote the run numper in the
colwm 2nd enter the new sice nu:
block or biocls with his ;nspecti
check of the charnges in iter

te is changed, the inspector
pace at the hezding of the
r in the epproprizte size

"nn to Verlf" the physical

10,561 Uhen tre part nunber cf a replaced orifice is different
hen the or¢g‘ra i, tre inspector shzll note "See
Femoval Sheet™ in the run number block,

10,5,2 Vhen mecre than severn (7) reccrd;rgs of runs are required,
the inspector waxlng the verification shall enter the
legerd, StE BILCW, or SEE PAGE XNO, , in the final
orifice installiaticn SIZE AFD PLRT NO. blocks and insert
his Stc* .

10,6.2,1 The inspector shall then transfer the required
ENTRIES in the "Part Kumber and Name®™ and the
lccaticn blocks to the rew locatlion,

10,6.2.2 VWhen 2 new page is required, the inspector shall
trarsfer the entries on the headings and add
the word continved after the page pumber,

Mring and subsesuent to acceptance test, all varizble orifice
R-3729P
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changes will be accomplished by entries in the Part Removal
Record, Final orifice installation entries shall be the respon-
sibility of the inspector at final assembly, after hot-fire and
irmediately prior to closecut of the ISO Ecok, He shall enter
the following:

10,7.L Date ¢ Date of final installaticn verification by
the inspector, ‘

10,7ec Size: Part No,: These entries mus: be made by the
inspectcr after physical check of the tags on internal
orifices and plate markings and nusi correspond to the
size and pert number showr in the iast run number entry,

1C,7.2,1 Tags and markings accepted by the inspector
shall be acceptarnce starzed by the inspector
in'the FINAL column,

10,7.2.2 After instziiation of ir*ernal orifices, a
netal tag will be attachzd cn or adjacent to
the erifice and will be identified with part
nunter, orifice size and an inspection stamp,

10,7.2,3 The orifices listed on tre Data Log Sheet in
the Rocket Zngine Log Bock will bte checked for
accurate log bock entry zgainst the orifice
installed cn the engine., This inspection will
be macde pricr to inspection acceptances of
Form DD250,

10.6 The crifice and restrictor record as a histlorical record is
transferred by the irspecicn and the insrection leadman at the
"clesecut" of ezch ISC Boox until finzl "cioseout! befcre engine
clearznce, It is left in the Final Assemzly ISO Book when .
"closed out" into engire clearznce, :

10.8.1 As each orifice and restrictor is critically important
tc the cpreration of ihe engine, exireme care must be
exercised by the inspectors and inspection leadmen in
their verification and acceptance cf the part mumber
and orifice sizes listed which may be different than
thcse on the initial assembly,

10,5 Overhaul Engines and engires in Logistics will be treated as
post acceptance test as outlined in paragraphs 10,7 and 10,8,

10,10 Purchased Material Inspection Supervision, Department £c8, are
resporsible for the spot check and 100% check of all measurable
orifices in stock and that ail measurable orifices will be
reinspected at the time of shipment as kits or spares,

A-43
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11, THRUST CHAMBER LEAK CHECK AND REPAIR LOG (FORM 607-N)#*

mhrust Chamber Leak Check and Repair Legs (Form 607-N) are used in the
IS0 Books as a graphic and chronolcgical record of the Thrust Chamber

Leak Checks and Repairs,

T™his Ferm is used for tubular wall thrust chambers and is a contractual
requirement; it is suppiementzry to the Instection Sign-Cff (ISO)
Records, Inspection Discrepancy and Correctien Record (R 25-U) and
Materials Review Action Reperts on Quality History Cards (Form 609-R).

31,1 Initiaticn and inserticn of 607-N Forms intc the Inspection
Sign-Gff Books for the tody assembly of the thrust charmbers
are acccmplished by- the Process Centrel greup of the Planning
Department and verified by the Inspecters,

11.1.1 The proper entries, fcllow-up, and additional irsertion
of the forms irtc the sign-cff beoks, traveling with the
thrust chamter or the engine, will te the responsibility
of Inspcecticn, &dditicnel forms can be obtained from
the Process Control Group of the Flanning Department,

11,2 Procedure

Form 607-N has two (2) thrust chamber views and a sign-off
secticn tc describe the discrepancies and corrective actioms,
View A and B will aid in estavlishing the lccation of each
discrepancye.

11,2,1 Initial entries on each Form 607-I shall be entered by
the using ccncernad Inspecters, These entries include
the Part Nurcer, Thrust Chamber Serial Number and Engine
Serial Number {rom the assemtly and the Inspection
Sign-Cff Book Cover,

il.2.1.1 Pages shail be numiered in seguence starting
with the Number 1,

11.,2,2 During fatrication cf the thrust chamber, specified -
pressure checks will be witnessed and the results
entered on Form 607-N by the Inspector in the
"Discrepancies™ column in the following manner,

11,2.2.1 Discrepancies will be numerically recorded
in seguence by entering the appropriate
nuricer in the upper left corner block of each
section,

11,2.2.2 The Inspector shall appiy his stemp in ths
blocked area between "insp," and "dates®

w e Gn Gn W G P U OB AP WS SR B OB @r Gn Ok M G W G R W IR W B SR M M W W@ W Gk W W e W e
™~

Am
*3ee illusiration on page kL6, 5
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11.2,2,3 DATE: Enter the date inspection is accom=-
plished,

11.2.,2,4 1O DEFECTS: The Inspector's stamp is applied
here when threre are "No Defects,”

11.2.2,5 DEPT,: The Department Nurber where the thrust

charber tesi has been made shall be entered
here,

11,2.2,6 "CC" BLCCK: VWhen a leak of 40O CC or less is .
recorded at test, enter the armount (in cubie
centimeters),

11.2.2,7 GAL,: Enter the amount of lcakage (if any) in
galions (e.ge 2/10),

11,2,2,8 - INSIDE OR CUTSIDE: Check () the applicable
block indicating the side discrepancy is
located,

11,2,2,9 1BS,: Enter the amoﬁnt 6f pressure applied
(1000 1b, or 30 1t,) which signifies the type
of test performed,

11.2,2,10 Discrepancies recorded in' the body of the form
shall read: “lezkxs a2t ( ) ol'ciock station
inside, ref, DCP #xx,"

11.2.2,11 YWhen no discrepancy exisits the word KONE is
entered arnd the Inspecter shall apply his
inspection stamp tc boih sides of the word,

Severity of the damage to the thrust chamber assembly
is assesced by the Inspector or Inspection Supervision
to determine the level of repairs for inspection
acceptance,

11.2,3.1 Hepair discrepancies recordsd in the 607-N
by the Inspector shall also be recorded on the
Quality History Card Form 609-R and the
Form R 25-0,

11,2,3.2 The Standard Repair Manval shall be consulted
for the authorized level of repair and test.

Applicable entries of accomplished repairs will be
recorded in the "Corrective Action® coluwm, Ccmpletion
and inspection acceptance of corrective action will
require the following entriess

11.,2.4.1 The Mechanic'!s Clock Number znd the date

the repair was completed,
P P R-3729P




1

R

-
F

44 Ao et 6F

R RIS

é}13729P

|

TITLE:

Date:

INSPECTION SIGN-OFF BOOKS Procedure: R=8,1

16 MAY 1961

ROCKIET DY IRNE

A DIVISION OF NORTH AMERICAN AVIATION. INC.

Page U5 of 57 Pages

= |
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11.2.¢

11,2.4.,2 The Mechanic Leadman will apply his stamp
and enter the date in the applicable blocks,

11,2,Lk.2 The Inspecter will apply his stamp and enter
the date uyon accepting repairs or verifying
pressure tests,

11.,2.L44 Follow-up for required signatures and inspec-
tion accertiance stamps clearing the discrepancy
in the Materials Review Action Forms, will be
made in accordance with applicable Quality
Control Cperating Procedures, B

Upon completion of acceptance inspection of the
fabricaticn of the thrust chamber bedy assembly, the
Inspector w211 duplicate the Form 607-N and together with
a 938-1, Parts Identification Tag, attached to the

thrust cramber btody zsserbly, route the unit to finsl
build-up and assemtly, The thrust chamber body assembly
sign-off tock is forwarded to the ccncerned Engine
Clearance «croup for cempesite information and completion
of engire records,

A ceorposite report of 2ll repairs listed on Form 607-N

shall be accemplished by the concerned Engine Clearance
Groupe

A-47
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THRUST CHAMBER LEAK CHECK AND REPAIR LOG

PAGE OF

INSTRUCTIONS

PART NUMBER

In View “A” locate the leck ond/or
repair clockwise by the use of an
asterisk {*) olong with o number in-
dicating whether it is the lst, 2nd,
defect, ete.

THRUST CHAMBER S/N

ENGINE SERIAL NUMBER

In View "B" locate the leak and/or
repecir in the scme monner using the
stations this time.

NOTE: € of Manifold Inlet will
be utilized as 12 o'clock.

e e STA#S

-STA 3x6 VIEW A
VIEW B
ALL ENTRIES MUST BE PRINTED IN INK
DISCREPANCIES o |  COFRRECTIVE ACTION
mse. | |pate NO DEFECTS| | DEPI. . MECH. | DATE
ccl  GAL] INSIDE OUTSIDE Ls. | S
| LD. MAN —
Jt DATE
! INSP.
INSP. DATE no pzrects| |oeet. | MECH. DATE
o __ccl.__GAL] INSIDE OUTSIDE ™ AT
1 LD. MAN
DATE
i INSP.
- I D/
INSP. DATE NO DEFECTS| | DEPT. MECH. —
___ccl__GAL] INSIDE OUTSIDE LBS. S
A-48 _ 4 LD. MANIR _3729P °
DATE
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12, THRUST CHAMBER ALIGNMENT (FORM 612~H SERTES)#

12,1 Thrust Chember Aligrment Forms (612-H Séries) are a specialized
type of Insrection Sign-Cff Record ard are used to record the
data obtained during the tests and measurements of the Rocket
Engine Thrust Chamber alignment operation according to applicable
Process 3pecifications, :

12,1,1 The thrust aligrment test and measurement operation is
acccrplished according to the Inspection Sign-Off Book
celicuts and applicaztle Recketdynme Process Specifications
by Mznufecturing, The reguired data is recorded by
Manulacturing and verified by the Inspector on the
Thrust Aligmment Forms,

12,1,2 The srecialized for~s are initiated, maintained and
inserted in the IS0 3ooks by the Process Control Group
of Fianning, The Inspecter shall report any discrepe
ancy ctetween the ISC Record Sheets, the Process
Specificaticns and the Thrust Alignment Record Forms
as an Inspection Discrepancy and Correction Record
(Ferm R 25-U) in the IS0 Book and to the Inspection
Leadrern for reconciliation and Cerrection by Planning,

12,2 The Inspectcr shell verify a3l installation and aligment
operations tc the aprlicabie specification,

12,3 The Ingector shell verify the recuired mezsurement taken by
Manufacturing in the appropriate spaces provided on the
Thrust Aligmrent Forms,

12,3,1 Adjusirents or alignzents disturbed after inspection
"Buy-CfLf" by sutsequent rewerk or adjustment operations
shall be recorded t; the Inspector as a discrepancy
on Ferm R 25-U in the ISO Book, '

12,3,2 Parts to be removed ty Manufacturing shall be recorded
(pricr to their remcval) on the Parts Removal Record and
the oreraticn verified by the Inspector,

12,4 The Thrust Aligmment Record Forms ere a permanent historical
record of the assembly and are left ir the Inspecticn Sign-Off
Book when they are turned into Engine Clearance for processing
and storage, At Neosho these forms are forwarded to Quality
Control Analysis for the necessary duplication and insertion
into the Engine Log Book, .

#See i1llustration on page 4B,
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TIEUCT VLCTOT ALCTTAR ALIETIENT DLTERMINATICN oo )
ALTTIELY V4!
FAOT M0, T TiTUST CHAMEER
/M : NiT

TIITLICE RTT UL IMIIDE SUTTACRES IF DICKE AT DNDZ OF TURIBUCKLES
-I T N
PTTADING N, 1 paT0E VT YAW STRUT
S S S R AP SR =
i
|
i A ; ZXv;va
: i 15,123 S r 15,153 OIS
A LEAGE
U LENITH D IWCHES

AR -~ | . - .
ol e~ DRI INTAXE ELEGH

T"T‘Cl! 8

. -

STHUT

,QRE’I'R’.".‘S YAW SIRUT

fead_nfs WEre ‘ﬁfer t:- rotatlrg the "Spider™ within the Thrust Charnber in
aprroximatelr 139 incracents andé adfustirg tre strut lengths to line up
reflccted cross 2irs with erepiccc cr.schairs; ie, to rmoke “Spider" centerline

parallel to opt.:al centeriine,

g ___

» lauch average strut length -s tte distance from the cernter of the pin in the
ostriszer oxrm to the plavc cof re Gir al Zeoring to rake the averare geome trical

centerline of thi charler :ssc'blv perpendicular te the plane of the Gimbal
fewringe Jncpec.ich Jerification, .
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A DIVISION OF NORTI AMERICAN AVIATION. INC.

TITLE: INSPECTION SIGN-OFF BOOKS | Procedure:  B~8,1
Date: 16 MAY 1961 Page h9 of 57 Pages

===
13, SAFETY INSPECTION VERIFI?ATION SHEET#

13,1 The Safety Inspection Verificztion Sheet is used by inspection
to tabulate the discrepencies found during the Safety Irspection
Check, This is acccmpiished zter Hot-Fire and prior to the
submittal of the engine tc Customer Inspection, It forms a
part of the permanent inspecticn records,

13,2 The Safety Inspection Verification Sheet is initiated and
inserted as required in the ISD Bock by the Process Control
Greup of Planning, '

13,3 The Inspector shall be responsible for the accomplishment and
the accuracy of &ll entries on the sheet,

13.3.1 The Assembly Part Numter and Customer Serial Number shall
be entered as shewn or the Cover of the ISO Book,

13.3.2 The number of sguawks for each entry shail be tabulated
by the Inspector from tne Form R 25-U written during the
Safety Inspection (2ftzr Hot-Fire and prior to presentatim
to the cuctomer for acceptance), Each total shall be
entered, dated and acceptance stamped by the Inspector,

13,4 The Safety Inspection Verificztion Sheet is left in the ISO

Bock and is sent with it at "closeout™ to Engine Clearance
Inspection Records and Data Group,

#See illustration on page 50,
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FOR SAPETY TNSEICTICH CHICK 70 BE ACCOMFLISHID JUST T2I0RTO RELEASE F
ENIINE 70 GUSTCMER DNSFECTION
TGING MODIL,
ASSEELY CUSTCILR ENSINR
PIRT 10, SZRIAL KOs ‘
—— TY
VERTFICATIONS MADZ BY THE INSFEZCTOR atg | oo Of

Souawks

STAMP

1. S*F‘ety wire instzlled per B/P & Spece

Clamps installed & Wire
ound par Q/P & Space.

[}
k
f“
[y
[{¢]
H)

3. ]| Tectrical Flugs znd Connsctors tight.

lie | Tubing & Iines identified per B/P & Spec,

Bolts re-torqued per IS0 Book, B/P & Spece

5.1 & torque marked,

6.] "B" Muts, Jan Nuts & 0" Rings installed,

8.| Puip for scratches or damage.

Fittings re-torqued & torgue marked as noted in
7.| ISO Book, B/P & Spece
Inzpaeh Fuel & O:icdeindet Flanges of the Tuxrdo

Castomer Verificatiom

A-52
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TITLE:  INSPECTION SIGN-OFF BOQKS Procedure: R-8,1
Date: 16 MAY 1961 . Page 51 of 57 Pages
——y
1l, MCR VERIFICATION LIST#

.-----------—----—---------—q-----—-—-.

#See illustration on page 52,

1h,1

1kh.2

1LY

14.5

"Book as part of the historical inspection records,

The Master Change Record (CR) Verification List is used as the
permanent inspection source record of the accomplishment of
required Engineering changes in cenfiguration, process, or tests,
made on the Rocket Engine or its components,

The MCR Verification Lists zre initiated on a current basis by the
Engine Clearance Group wrern notified by apprepriate Contract
Change Notice (CCN), Interrcdiate Stage Letter (ISL), Engineering
Change Proposal (ECP) and Mzster Change Record (MCR),

14,2,1 The MCR List Headin: notes the date, contract, the
affected Engine Model type and model numbers, the G.O,
number and the latest revision date,

14.2,2 The body of the 1is: outlines the details of the changes
required with the zr-ropriate MCR No,, Reference numbery,
effectivity (by serizl number) the detail description of
the changes required a2s weill as the location where the
"3UY-OFF" of the chenge is to occur, Space is provided
for the Inspector (<hat verifies the change or its

acceptance) todate znd stamp his responsibility,

Current MCR Lists are issued as required by the Engine Clearance
Group to the Inspection Lezdmen for insertion into each affected
Inspection Sign-0ff (ISO) Book,

The Inspector shall verify znd acceptance stamp each MCR listed
and accomplished, .

1h,h.1 The CVR Book List o clezred changes may be utilized by
the Inspector for the verification of the accompiishment
of changes required on the MCR Iist,

When a currently revised MCZ Verification List is initiated, the
Inspector shall remove the siperseded iist and reverify the
accoriplishment of each MCR listed,

At completion of the ISO Bocx the MCR Verification List shall
be audited by the Inspectior leadmzn and left in the ISO
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NSEECTICN SIGN-OFF BOOKS

Procedure:

Fage 52 of 57 Pages

R-8.1

LEARANCE

M.C.R, - MD NUF3ER
VERIFICATION LIST

DATE:
CONTRACT:
REV. DATE:

PAGE

of

LRI RS
NUMRER W0,

5.G, LC'S
RELEASING

ATAN AT
B o

TITLIE

DEFT,

. RESFON,

DEPT,
. MECH,

DEPT,
INSP,
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TITLE: - LISPECTION SIGN-OFF BOOKS

Date:

16 MAY 1961 | Page 53 of 57 Page
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A DIVISION OF NORTH AMERICAN AVIATION, INC.

Procedure: R-8,1

15, STRUCTURAL APPROVAL AND MATERTALS REVIEW FORM #60-W - ACTION IN THE
INSPECTION SIGN-CFF BOOKx

15.1

15,2

15.3

This form as 2 Materials Review and Inspection Supervision
Disposition (ISD) Form, is used in the ISO Book to record the
discrepancies noted by inspection which cannot be accepted to the
required drawings or specifications, This form also provides a
uniform manner of recording the disposition,

Initiation: ¥“ren an Inmspection Discrepancy and Correction
Records (Ferm R 25-U) eniry requires a disposition approved by
inspection supervision cr Materials Review, the complete report
is copies oy the inspector on to the Structural Approval and
Materials Review (Form £0-W) in the same Inspection Sign-Off
Be”

15.2,1 60- action shall be initiated oniy when authorized by
inspection supervision,

15,2,2 K11 inspecticn entries shall be legibly written or
rrinted in ink, A3l entries made by Materials Review
erginesrs shall be legibly written or printed in ink,

15.,2,3 Erasures shall not be made, Inspection correction to
criginal entricss shall be made br siriking out the error
with 2 singie line and stamping the entry, Corrections
shall be mzde cniy by the person who made the entry or
by Inspection Supervision,

1.2,3.1 Changes to disposition entries made by a ,
Meterials Review Engineer shall be made and
sigred by a iaterials Review Erngineer,

15,2,k The Form R 25-7 entry shall be left open until the
dispositien has veen approved and any rework required
has been accompiished and accepted,

15.2,5 All €0-Y Forms ares tec remain in the Inspection Sign-0ff
Bocks as permanent records of Inspection and Materials
Review action,

TEE ACCOMPLISIEMENT OF THE FORM 60-W SHALL EE AS FOLLOWS:

15,3,1 UNIT, SERIAL CR SHIP (R/E) NUMBER: Circle correct
description and enter the numbers from the Imspection
Sign-0ff (ISO) Book cover,

15.3,2 ASSIMBLY NUMBER: Enter number as shown on cover of ISO
Book, .

15.3.3 A1l 60-Y actiors shall be mumbered consecutively by the
initiator in tie left-hand margin with the discrepancy
starting at #1 in each ISO Book, This number shall be
cross referenced on the Form R 25-T, R

- A-55
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INSPECTION SIGN-~OFF BOOES
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— — o~ ]
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Procedure: R-8,1

Pazo Sb of 57 Pages

15.3.5

15.3.10

15.3.11

“T“Sp AUTH,® BLOCK: The round acceptance stamp of the
authoriziny Inspection Leadman or the Inspection
Supervisor's triangle acceptance stamp 1s placed here,
Dispositions approved by a Malerials Review engineer
shall be triangle acceptance stamped in this block by
an inspection supervisor, indicaving ccncurrence with
the Materials Feview engineer's disposition,

If Materiais Review approval is

wAT, REV, 2':. DATE
rials Review Engineer will sign in

reguired, the Materia

this block,

.
:
1

15,2.5.1 The date the disposition is authorized shall

alse be entsred,

orTm Tw b e r.
nal. RIS e

is discucpaiive

Znter the number of the detzil part that

—— - R
TVPE OF R;fn_ﬂz Inspection is to enter
v W n73D", Trhe ¥R cugineer vil

23-H-1 number nj;vhever is applicable,

3
1 enter MRD or

~—naDT v

DISCREPANCY: Ccopy the
rafererce the number of

ieft~hand marzin as "RET, w the 6O4H
ACTION NUMBER),.
D"“’CSTTIO“: ostion for

ine discrepant
Review
supervision for

acceptance,’
iten and is
fer FMrD's zn
Stendard Rer

if,3.2.1 Sc req ired for
ac e in detail and
verifiz cL pleted.

15,3.5,2 HOILZ CHECK: Inmspecter will place his accept-
ance sgirip irprzssion heres a2lter accepting

hcies which were drilled in order

repair,

15,3,9,3 MATIRIAL CHECX: Inspector will place his
acceptance stemp impressicn
ing materials witch were u

repair,

sed to accomplish

The Mechanic's clock rumber making the repair and date
cormpleted should be entersd by the mechanie,

INSP, ACCZPT,: The triangle acc:sptance stamp of an
inspection supervisor will be applied heore indicating
satisfactory completion of rework or concurrence with
"ySE AS IS® dispostion,

R-3729P
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"Starndard Repair

engincer

to accamplish

here after accepte
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TITLE: INSPECTION SIGN-OFF BOOKS

Date: 16 MAY 1961

Procedure: R=8,1

Page 55 of 657 Pages

= ———

15,3.,12 CUST,: The inspector shall have the customer place his

acceptance

stamp here when required,

15, TRANSFERRING OF INCOMPLETE 60-W ITEMS

15.4,1 Incomplete repairs (Std. Repairs, ISD's, or MRD's) which

have not b

een werked in the originating department or

section, must be transferred as follows when the original

Ay

Sign-0ff B
separated

15 --'401.1

15.4.1.2

ook is otherwise ready to be closed out and
from the assembly:

The incomplete item will bte copied complete on
a new Ferm 60-W, The wording must be exactly
the same as on the original, The segquence
number must be noted in the left-hand margin,

¥When the material and/or hole check has been
stamped on the original, the inspector will
stamp the duplicate and note "IFCM (Transferred -
from Criginal) adjacent to his stamp,

The new item will be noted in the left-hand
margin, "Trensferred from Original BSook number

," and 60-YW # N

15.442 The new Form 60-% (with a new shortage'report) will

acccerpany

the assambly (installation of these forms in

- the new Sign-0ff Book shall be checked by the Inspection
Leadman at close-out of the original ISO Book),

15,443 Inspection in the criginating department will be responsi-
ble for obtaining necessary euthorization stzmps and/or
£ Ty b

signature

on the new 60-W form,

15.4.4 The original item will be noted, "Transferred to Next
Department” and the inspector will stamp adjacent to this

notvation,

verifying the transfer to new sheet, The

original must remain in the Sign-Off Book,

15,5 When a Structural

Avproval and Materials Review Form 60-W is

submitted for Inspection Supervision or lMaterials Review Disposie.
tion, a Quality Eistory Card (Form 609-R) will be initiated and
accompany the 60-Y Form,

15.5,1 The Quality History Card will be completed in accordance
with Quality Control Operating Procedure R-li.li.

15.5.2 Completed

Quality History Cards shall be reviewed by the

person authorizing disposition (Materials Review engineer
or Inspection Supervision) to determine the requirements
of corrective action,

15.5.3 When requi
concurrenc

the 609-R

red, the customer's representative will indicate
e by placing his acceptance stamp adjacent to
Card's serial number,

A-57
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TIiiZ: INSPECTICN SIGN-OFF BOOKS Procedure: R~8,1
D12 16 MAY 1961 Page 56 of 57 Pages
S ———— |
15.5.L Uoon compietion of the azbove action, the 609-R cards will

15,5 EEJORK

R-3729P

15.6.1

be forwarded to Qualluj Assurance,
ACCCOYTLISHED BY OTHER DZPARTMENTS

Revwork accemplished b other production departments may
be authorized on planning tickets or PRR's, In either
case, inspection operzilons should te iransferred to
the 60-Y Form referercing the oiher Form!s serial
numoer,

A-58




UNIT, SERIAL OR SHIP NO._

STRUCTURAL APPROVAL & MATERIALS REVIEW

Procedure:

R-8,1

Page 57 of 57 Pages

ASSEMBLY NO

(CIRCLE ONE) :
INSP. AUTH. MAT, REV. ENG. PART NO. TYPE OF REPAIR MECH. NO. INSP. ACCEPT. | CUST.
DATE DATE
Discrepancy Disposition
HOLE CK.
- MAT. CK.
INSP, AUTH, MAT, REV. ENG. PART NO. TYPE OF REPAIR MECH. NO. INSP. ACCEPT. | CusT.
DATE DATE
Discrepancy Disposition
HOLE CX.
MAT. CK.
INSP. AUTH. MAT, REV, ENS. PART NO. | TYPE OF REPAIR MECH. NO. INSP. ACCEPT. | CUST.
ATE DATE
Discrepancy ] Disposition
HOLE O
-3720P ' A58
B mroe [ 7
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A DIVISION OF NORTH AMERICAN AVIATION, INC

OUTLINE OF ROCKETDYNE ENGINE
MODEL SPECIFICATION

(SAMPIE)
Paragraph
1. ‘SCOPE
1.1 Scope
| 1.2 Classification
APPLICABLE DOCUMENTS
2.1 Specifications
2.2 Publications
3. REQUIREMENTS
3.1 Model specification
3.2 Mockup
3.2.1 Rocket engine changes
3.3 Performance characteristics
3.3.1 Reliability
3.3.2 . Performance ratings
3.3.3 Estimates
TABIE I Estimated Performance Ratings at Standar& Vacuum-Static
Conditions
3.3.4 Components
3.3.5 Starting
3.3.6 Shutdown
3.3.7 * Malfunction
3.3.8 Electrical power
3.3.9 Propellants and fluids
3.3.10 Control
3.4 Environmental and load factors
3.4.1 Fnviroumental conditions
3.4.2 Flight and ground loading conditions

R-3729pP

FORM €08 B {LEDCER)

REV. 1.38

B-1
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Jarorraph
3.5 Drawings and data
3.5.3 Weights
3.5.4 0ver-éll dimensions
3.6 Components and systems
3.6.1 Propellants and other fluid systems
3.6.2 Power control
3.6.3 Flectrical system
3.6.4 Ignition system
5.0.5 Lubrication system
5.6.6 Ingine system
3.6.7 Tanks
3.6.8 Burst diaphragms
3.6.9 Accessory drives
3.6.10 Hydraulic system
3.6.11 Accessory equipment
3.7 Fabrication
3.7.1 Materials
3.7.2 Processes
3.7;3 Standards
3.7.4 Parts list
3.7.5 Changes in design
3.8 Tdentification of product
3.8.1 Connections
3.8.2 Components
3.9 General additional information
3.9.1 Thrust alignment
3.9.2 Engine capability

B-2

Fc 1M 608.B (LEDGIR) REV. :-58
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Paragraph

(5151)
(5151)

(5151)

(5151)
(5151)
(5151)
(5151)
(5151)
(5151)
(5151)

(5151)
(515)

(5151)
(5151)
(5151)
(5151)
(5151)
(5151)
(5151)
(5151)
(5151)

R-3729P

FORM 608.8 (LEDGER) ;EV. 1-58

L.
5.1
4.2

5.2,
k.2,

1.1

3.
3.1

3.1.
3.1,
3.1.
&

-

3.1
3.2

k.1

k. 1.
k1.
4.1.

k.2

5.2,
.2,

L.3

§.3.
k.3,

1
2

1
2

3]

QUALITY ASSURANCE PROVISIONS
Classification of tests
Tests and test methods

Alternate test fluids

Qualification tests

SCOPE
Scope

APPLICABLE DOCUMENTS

REQUIREMENTS
Reports: Rocket engine components
General .
Preliminary reports
Final report
Number and distribution of copies

Disposition of Qualification-test data

SAMPLING, INSPECTION, AND TEST ?ROCEDURES
General
Test apparatus and procedures
Automatic recording equipment
Parts failure and replacement
Rocket engine inspection and test
Rocket engine tests
Rocket engine inspection after tests
Rocket-engine component inspections and tests
Previous component qualification

Rocket engine-component inspection before tests

B-3
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Parazraph
(5151)
(5151) 4
(5151)
(5151)
(5151)
(5151) 6

1 (L0626)

| (6626)

?

‘ (6036)
(6626)
(6626)
(6626)
(6626)
(6626)
(6626)
(G626)
{6626)
(6626) 4.
(6626) &

) (6626) 4

| (662¢)
(6626) k.

1

J
B-4
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4,

o
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A DIVISION OF NORTH AMERICAN A‘VlA"‘ION INC

Rocket-engine component tests

ol

A Rocket engine-component inspection after test

PRIPARATION FOR DELIVERY

NOTES
Definitions and symbols

Intended use

.3 Preliminary Flight Rating tests

SCOPE
Scope

APPLICABLE DOCUMENTS

Government documents

REQUIREMENTS

Reports: Rocket engine and components

o

General

o

Preliminary reports

Final report

Ll |

Number and distribution of copies

Dispocition of Preliminary Flight Rating test data

QUALITY ASSURANCE PROVISIONS

General

1 Tceet apparatus and procedures

[

Test conditioms

.3 Parts failure and replacement

R-3729P

FORM €08-8 LEDGER) REV..1-38
.
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Paragraph

(6626)
(6626)
(6626)
(6626)

(6626)

(6626)
(6626)
(6626)

(5152)

(5152)
(5152)
(5152)
(5152)
(5152)
(5152)
(5152)
(5152)
(5152)

(5152)
(5152)
(5152)
(5152)
(5152)

R-3729P
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Rocket engine inspections and tests
.1 Rocket engine tests
.2 Rocket engine inspection after test
Component inspection and tests
PREPARATION FOR DELIVERY
NOTES
Intended use
Definitions and symbols
h Acceptance tests
SCOPE.
APPLICABLE DOCUMENTS
REQUIREMENTS
Contractor's instructions, specifications and drawings
.1 Specifications
.2 Component calibration
.3 Availability
Acceptance-test data
10 General
.2 Log
QUALITY ASSURANCE PROVISIONS
General
.1 Test apparatus and procedures
.3 Test temperatures
" Acceptance tests

B-5



RO & IETr ™ [WNE

A DINV'SION OF NORYTH AMERICAN AVIATION. INC

‘Purarraph

(5152) .21 Rocket engine inspection before Acceptance tests
(5152) L 2.2 Rocket engine tests

(5152) 5.2.3 Rocket enzine and component tests - Schedule "B"
(5152) u.2.4 Acceptance conditions

(5152) 4.2.5 Rocket engine inspection after tests

(5152) 4.2.6 Rejection and retest

(5152) 5 PREPARATION FOR DELIVERY

(7152) 6 NOTES

(5152 6.1 Symbols and definitions

PREPARATION FOR DELIVERY

|

5. Application
.2 Storage, shipment, and delivery
NOTES

Intended use
Symbols and definitions
Definitions
.2 Symbols

Rocket engine-mockup procedure

S NN OO OOV
[ I\ T\ R e T

N Design and installation criteria

B-6 , ' R-5720P
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QUALITY CONTROL OPERATING PROCEDURE Page 1 of 17 Pages
Dept. and Plant: 55k, 65k, 657, 959 AND §5L Date: 26 0CT 1960
TITLE: PREPAFRATICN AND USE OF THE ROCKET ENGINE LOG BOOK x:o :;zﬂti >,
APPLICATION

The Rocket Engine Log Book is prepered by the Engine Clearance Group for
the purpose of disseminaiing pertinent information relztive to engine cone
figurztion and performance for submittel to the customer, This procedure
vill act as a guicde for inspection perscrnel in the use of engine log books
arplicetle tc rocket engines manufactured, tected and shipped by Rocketdyne
Cznoga, Van Nuys and Neosho,

1., The Rocket Engine Leg Zook shall be divided into four sections, The
firet rege bereeth tne Log Beok cover will be the "ENGINE IDENTIFI-
CATICH." (See Figure I)

The second pege will be the "FCREWCRD" page, (See Figure II)
The third page will be the "ABBREVIATION LIST CF RCCKETDYNE TERMS®

SECTION I
1.1 Engine Time Log Section Divider,

1.).) Engine Time Log Form (See Figure IV for sample),

SECTION II
1.2 Acceptance Test Log Section Divider,

1.2,1 Engine Dzta Log Form (See Figure V for sample)e

1,2.,2 Thrust Vecter Angular f£lignment Determination Form
(See Figure VI for sample),

1,2.3 Moment of Inertia Form (See Figure VII for sample),
1.2.: Engine Weighing Form (See Figure VIII and VIIIa for sample),

1.2.5 Acceptance Test Log Instruction Sheet (See Figure II for
sample),

1.2, Accepience Test Log Form (See Figure X for sample),

Supersedes R--.29 dated 9 qep‘tnber 1957, Generel Reviglon,
R-3720P v o | c-1

1
* S—

FORM R 74-2.3 (ROHD)



. PIVPARATION AND USE OF THE ROCKET ENGINE Procedure: Re=1,29
15 0K
S 26 CCT 1900
S .
STCTION IIX
1.3 Orifice Sizes Scction Divider
1,3.). Crifice Size Fcrm (See Figure XI for sample),
SECTION IV
1.l Engine Historical Reccrds Section Divider
1.h,) Component Peplscement Record Form AFTO-2B
1.5.2 Ouistending/Meleyed Meintenance Record Form AFTO-2D
1.l,3 Component Histcrical Record Form AFTO-2E
1.l Forms 1D3Z9 end "N829-2 shall be used in lieu of above
forms, peragrephs 1,L,1 through l.Lh.L for R & D engines,

IR CIIIEIW I W IR E

A DIVIZION OF NORTH AMERICAN AVIATION, INC.

2, OCINERALL DISTRUCTIONS

The following riles pertzin to the accumulaticn, coempiling and trans-
mittal of dete and the assenbly of the log book,

2,1 Certain portions of the zcceptance log shall be reproducible,
£11 other entries cnall be ncn-reproducible, See the specifiec
Engineering Process Specificeticn for detail instructions,

2,1,1 All entries mece in the Rocket Engine Log Book shall be
yritten in ink and/or typcd in black for permanent
record, :

2,1,2 Erzsures in the Rocket Ingine Log Eock zre strictly pro=-
hibited, Errors shall be corrected by retyping the page
involved, ‘

2.,1.3 Entriec such as rework, kit instal llztions, removals)
nissile mating, acc¢t;oral stetic testing time, and
custody shzll be macde by the customer or Rocketdyne
Field S:zrvice porsonnel,

2,1.L If for any resscn an engine is returned for modification
znc/or repa s, the Reocket Engine Log Pook must accompany
tie erngine, Lisine mocificeiien end/or repeir entries

shall be nade by Rocketdyne personnel,
2,1, The azbbreviations "UNK" and "DIA" shall be inserted in

blank spaces for which information is Unknown or Does
Not fpplye Do not leave the space blank,

c-2 ' R-3729P
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A DIVISION OF NORTH AMERICAN AVIATION., INC.

TITLE: PREPARATION AND USE OF THE RCCKET ENGINE Procedure: R=1.29
10G BOOK

Date: 26 OCT 1960

3, ASSEMBLING THEE ROCKET ENGINE LOG BOOK

361

3.2

3e3

Fngine Log Book Identlficatlon Forn
The Engine Log Bock Identification Form (See Figure I for
sample),

Tdentifies the engine ccncerned by mcdel number and serial
nunber,

Outlines the format of the Rocket Engine Log Book,

L, THE FCLLCWING PROCEDURE SPECIFIES HCJ THE ENGINE LOG BOOK IDENTIFI-
CATION FORY SHALL BE CCHFLETED. SEE AFPLICAELE PROCESS SPECIFICATIONS
FCR SPECIFIC INFORMATION,

Lol

La2
k3

h’h

L€

L7

bt

R-3729P

Menufscture of Engine: Enter "ROCKETDYNE, A DIVISION OF NORTH
AMERICA AVIATION®

Model: Fnter the custcmer's designated model identification
numcer in the spzce provided at the upper left hand corner of
the form,

Serial No,: Enter the applicable engine serial number in the
arpropriate spaces at the upper left hand ccrner and lower
right hand corner of the form,

Model No.: Enter Rocketdyne's model confjguration number in
the aprropriate space at the lower right hand corner of the
form,

Contrzct Number: Enter the complete customer assigned con-
trect number in the space provided at the upper left hand
corner of the form,

Foreword: Foreword form (See Figure II for sample) shall be
included in the Rocket Engine Log Book,

Attreviation List: The Rocket Engire Log Book shall contain
ar aooreviation 1ist of Rocketdyne terms (See Figure III for
sample )o

Section I -
Enpine Time Log: Engine time log form (See Figure IV for

sample) shall be included in the log bcok for the customerts

use, Enter the complete customer's designated model identifia
cation number and serial number in the spaces provided at the top
of the form, No other entries shall be made on this pasge at
Rocketdyne,

LeBel A time log form shall be provided for individual engines
within a propulsion system, i.,e,, booster, suvstainer or
vernier, _ c-3
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A MANSION OF KORTH AMERICAN AVIATION. INC.

R1.29

L.1ce

L1

PREPARATICI AND USE OF THE RCCKET ERIGINE Procedure:
1.0G BOOK
26 0CT 1960
oo gty = ——
L.S Section IX

Accectence Test Log: (See Figure X for sample) This log shall
contein tne record of the Engine Post Acceptance electro=-
mechanical check ouvt and conditioning by specification number,
revision date, locztion, and organization,

Type in the spzce benesth the word "Supplier" the acceptance
stamp nwiber of the responsible Rocketdyne Quelity Control
representative monitoring the engine processing using type-
writer carbon orange btecking fer reproduction purposes, In
the spece beneath the word "Government" - enter name of
government inspector or responsible representztive monitering
each engine process,

Section III

Crifice Sizes: The orifice size form (See Figure XI for sample)
ra.: oe inc.uded in the Rocket Engine lLog Book for the customer

vse, Jo cotner entries will be made by Rccketd:me on this page,
Section IV
Preire Historicel Records: The following forms meke the come-

plete engine histcrical record section of the Log Book,

4,11, Comrenent Feplzcement Record: The component replecement
recerc form Is LFTO Form 235 and shell be filled in accord-
ing to tre requirements of MIL-R-763L, Exhibit 57-16 and
T.C, 00-2CE-1,

L,11.2 Outstendine/Telaved Mainterarce Reccrd: The outstanding/
celayed meintenance reccrd form is A0 Form 2D and
shall be filled in &ccording to tre requirements of
MIL-R-763L, Ex:ibit 57-16 znd T.0, 00-20E-1,

L,11,3 Comoenent Hietoricel Record: The comperent historiecal
recorc is ATTO Form ZE and shall te filled in according
to the requirerments of MIL-R-763L, Exhibit 57-16 and
T.0. 00-2CE-1, ‘ :

Lell.,L The TDB29 Historical Record for Aercnauticel Equipment,
and 7D326-2 Historical Record Zzta, siall be completed
in azccerdance with the requirements of YTL-R-763L and
T.C. 00-20A-1,"

Lo11,Lk.1 As specific military recuirements have not
been released for tre adminisirstion of techni-
czl and historicel records for ORD and NASA
rccket engines, trne reguirements stipulated in
MIL-R~762kL and T.C. 00-2CL-1 will govern the
preparation of BIL225 forms for these units,

Kot )7 |
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A DIVISION OF NORTH AMERICAN AVIATION, INC.

LOG BOOK
Date: 26 OCT 1960

,11,5 Records for rocket engines delivered to the Department
of Navy shall be completed in accordance with instruc-
tions contained in government furnished log books and’
applicable contract,

S« DETAIL INSTRUCTIONS FOR INDIVIDUAL CCNTRACTS

Detail instructions and informetion to be entered in the accompanying
Rocket Engine Log Book is covered in one of the following Rocketdyne
Engineering Process Specifications,

5.1 Atlas Sustainer (XLR 105-N4-5) (See Prccess Specification
RA 0298-001,)

5,1,1 Atles Booster (7LR-89-NA-5) (See Process:Specification
RA 0298-003,)

.1,?2 Saturn Booster (B-1) (See Process Specification
RA 0298-002,)
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A DIVINION 08 NOUTH AMEIGCAN AVIATION. INC. - Page 11 or 17
N FIGURE L.
THRUST VECTOR AMNGULAR ALIGNMENT DETERMINATION
THRUST CHAMBER PART NO. S/N
S-U ENGINE _ . S/N_______
ASSEMBLY
S/IN
- 1 erer e s ‘ -
DISTANCE SETVWECN INSIDE SURFACES OF [DISKS AT ENDS OF TURNBUCKLES
- \
READING NO. PITCH_STRUT YAW_STRUT
| \ |
2
] 3
‘ 4
5
| 6
| 7
] 8
| 9
b 10 b 1 _
b sy l l
' avzpras INCHES MCHES
]
A T ],___ 5504 CINCHES L 4,504 INCHES
. AVERACE _
STRUT LENGTH INCHES INCHES
OVERALL
LENGTH INCHES
" A 8 THRUST CHAMBER
VAW o 4 g ASSENCLY IS INSTALLED
STRUT 0o ' ¢ FROI THIS SIDE OF
A ALIGKIAENT FIXTURE
LID.
g PITCH STRUT
INSPECTOR STALIP DATE

VIEW OF CUADRANTS AND STRUTS FROM TOP CF FIXTURE

A ;=0 ai0S WERE TAKEN BY ROTATING TRE “¢PICER" WITHIN THE THRUST CHAMBER IN
APeOXIMATELY “18° INCREMENTS AND ADJUSTING THE STRUT LENGTHS TO LINE- up
F.IFLECTED CHO3SHAIRS WITH EYERIECE CROSSHAIRS; 1L E., TO MAKE “SPIDER

CELTEAUNRE PAHKALLEL TO CPTICAL CENTERLIKE. . -

® EACH.AVER)«GE STRUT LENGTH IN THE OISTANCE FROWM THE CENYER OF THE PIN IN THE
OUTHIGCCR Af TO ThE PLANE OF THE GIMBAL CEARIRG TO MAKE THE AVERAGE GEOMETRICAL
CENTERLINE OF THE CHAMDER ASSEMBLY PERPENDICULAR TO THE PLAKE OF THE Gllégi%

P T )
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R ERANST AT

D CING WE !GMNG FORM
DATE VIISHED _MODEL SERIAL NO,

- PLACE U'ZIGHED WEIGHED BY.________INSPECTOR
cert ocationfcenf SCALE 1 page | CELL | NET | ARM | MoMENT
FWD L"i T .

FWD RIGHT

FWD CERNTER

Sub total fwd

AFT LEFT

AFT RIGHT

AFT CENTER

Subtotal aft

I TOTALasweighed

MEASUREMENTS & COMPUTATION OF CENTER OF GRAVITY_
A_______lInches thedittence from referance datum to torward jlg point,
Inches,thadlstance {romrefcrence davtum to aft jlg polat,
B inchce tho distanca to att jig point lecs dictance to tud jlg polnt,

CG.« A} AFT WEIGHT)x(B), s Inches
TOTAL WEIGHT

SIHGLE TUARUST CHAMBER MULTIPLE THRUSY CHAHMBER
i ' ! }
| — ]
\ / *
£ &1 ————
° 5 .
o al. R
./'. ""\ ~\ ol - H
o
S ‘ s
s E”—- o N Te——
E»Ao—n-———-—- 8 - ;‘Ar»ﬂu-- R | PN
e ~~——— € - - e o= € .. o
TR-3729P Diagrams tor moasuring vaerjous fypas ot ongmoa to datormlnca qrms

of supnort pointa.
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FIGURE VIIT A

W1 i{NESSED DY+

R-1,29
; A Ted A T A T alathy P £1
| VGG RECORD ot er
e e e B ]
| Dasc;';@'nngu HET WEIGHT |  ARM MOMENT
1 S I IR A _
Is coo o LAs Waighed)
raL OF ITENMS WEIGHED BUT NOT
.”ﬁm OF BASIC WEIGHT (col I below)
TOIAL OF BASIC ITEMS NOT IN
GINE WHEN WEIGHED (colllbelow) |}
noSls ENGINE WEIGHT
COLUMHN | COLUMN I
RES: ,f}'i;‘?‘\s*\?, JEIGHT | ARH vom:vr %QSWC,QHEE‘E)SE“,?GT WEIGHT | ARM| MOMENT
RIS e ) ROMELT oy WEIGH i _
! —— N - . A ey - e B e
70T votat | T
REMARKSS
C-1k R-3729P |
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PROCESS SPECIFICATION






SPEC ND.
RA0109-008
IV ST IETTIDNITRIIS omc DATE
A BDIVISION OF RORTH 4650 riCA AVIATION, % ub::ji 2, 1%1
@ REV
ROCESS SPECIFICATION

1. E&7Cr2 AWD LIMITATIONS:

1.1 Scops: This spzcificetion covers the preparation and operation of pre-
Iizinary "strike" solutions and copper plating bath for plating of mater-
ials detailed below: °

1.2 Limitations: Three procedures for copper plating are described herein.
Usage of each shall be as follows: _

1.2.1 Procedures detailed in Teble I shall be for all ferrous alloys
(stainless excluded) and all copper and copper alloys.

1.2.2 Procedures detailed in Teble II shall be used on the AISI 40O series
corrosion resistant steels including, but not limited to;

0Q-S-763 Cless 410 AISI k10
" on L} " hlﬁ n hls
"non ”n ” h31 [, ] h31
AVS 5628 " b3
QR-5-763 Cless Lko " Loc

1.2.3 Frocedures detailed in Teble IIT shell te used on the 300 series stain-
less steels, Inconel, Inconel.X.and Inco T18.

1.2.4 Procedures detailed in Teble IV shall be used for stripping copper plate
(vhen required) from the above materials.

2. APFLICABIE MATEZRIALS AND SPECIFICATIONS:

2.1 VMeterials: Copper Cyenide (Technical Grade, 70-T1 percent copper)
Potessium Cyanide (Technical Grede, 9 -96 percent Granular)
Evdrochloric Acid (Technical Grade)

Nickel Chlcride (Technicel Grade)

Potessium Carbonete (Federal Specification 0-P-552)
Chremic tcid (Federal Specification 0-C-303)

Sulfuric Acid (Federel Specificetion 0-S-801)

Fotessium Hydrexide (Technieal Grade)

Enthone "Enstrip $" or equivalent

DuPcnt "Copprelyte"” Addition Agent 1085 or equivalent
Wyerdctte ¥.5. Steel Cleaner or equivalent

"OFEC" (Oxygen-free high conductivity) copper anodes or
equivalent

Refervrcas to Customr's Spucifications, Tachewia!l Ordom nd ¢™er €8 e for IRfurmanion only 8nd are not 1o be conacoved part of thid opecificatian, -
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2.5 ciziceiion
1 7,5210--101 right Dip, Copper and Copper Alloys
TR1-1h Vapor Degreasing
FR3-% Prevention and Eliminstion of Eydrogen Ezbrittlement
. in Steel .
TAT-2 Sefety in Esndling end Use of Chemicals
RE0210-002 Cleener, Non-Foeming, Fon-Sillcated, Mild Alikaline
TTO22.0-005 ¥31d Alkeline Cleaner
3. GIUZTAL BE UTREMENTS 3
v Hazerdous chezicals erployed in this process shall be handled in

Srercance witn IAA Specification FR7-2 and instructions frow the Safety
PCI&J tment.

L, I@ZAIL RIR QUIREMENTS @

Frocedures shrall be per Teble I, II or III, subject to the limitations
estublished in peragrsph l.2.

5.- QUALITY CONTIROL:

5.1 Ccndition: Plated copper shell be smooth, acherent, uriform in appesrence,
free {rom pin hcles, blisters, nodules, pits or other cefects. Slight
staining or discoloration will not be cause for rejzction.

5.2 Pleting Thickness: Except as specified below, pletirs ihlckness shall be
es celled out on the drawing:

5.,2.1 Vuere "Copper Flash” is cpecified, thickness cill be epproxizstely
0.0001 inch.

5.2.2 Cepror pleting applied Jor cerburizing stop—cff sh2ll be at least
0.0002 inch thicke :

ICTE: On perts with recessed ereas, 1t may be pecessery ‘to plate up to
0.001 ipch on scme crees in order to thrcw the required thickness
into the rececses,

5.3 Toickness Determination: Determination of pletirg thickness shall be made
eitner on the perts, or on separate test specimens representive of the
perts snd plated sirmul anecusly with them. OCme of the following methods

shall be used. _ -

5.3.1 Using sccurate microzeter, d=termine thickmess of & given locatica on &
rert or test specizen, tefeore and sfter plati--,

¢+ Referencs to Cuntases's Soaaticabon, Tedhnis Orcurs o ¢ dr its &8 ter infoenu hor only 63 &e Rt 1 b Corsiterad part of this apccifecstion,
1512 Rov. 559 PAE 3 . oF 12
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5.3.2 Use a razretlc gaze method epproved by Production Developrent Laboratory
for checking plated parts. .

5.4 Adhesion: Plated metal shall be firmly and continously bonded to the'baée
retel as determined by either of the following methods:

S5.4.1 Parts, or panels plated concurrently with the parts, shall be capable
of withstarding a shear or chisel test, so conducted as to indicate
quality of bord. Copper shall shear away, with no separation of
plating and base metal.

} 5.4.2 Adhesion shall bte determined by bend test either of perts, or panels
plated concurrently with parts. The part or test panel shall be bent
repeatedly through an arcle of 180 degrees on a diameter equal to the
base metal thicknress. Following fracture of the base metal, it shall
rot be possible to detach any apprecieble ron-adherent area of the
platirng with & sharp instrument.

6. STRIPPING:
6.1 Stripping of copper when required, from ferrous alloys, copper, copper

alloys, series 300 and LOO series stainless shall te accorplished by the
procedure in Table IV.

g

umnw--».ihmnrmmm.wmw.mmmmwymammtoumwmdmwm
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ROCKETDYNE
A Division of NAA, Inc.

PRODUCTION DEVELOPMENT LABORATORY INSTRUMENTATION INSTRUCTION Page 1 of 3

Instrumentation Manual
Instruction No. 5415

Calibration for Hewlett Packard, Model 412A D.C. VIWM Issued: 5/11/61

It is the purpose of this instruction to assure that the subject Vacuum Tube Volt-
meters are accurate to within manufacturer's specifications.

DESCRIPTION

The Model %#12A VIVM is a multipurpose instrument designed to measure DC voltage,

current, and resistance over a wide range of values.

wments are listed below.

RANGES ACCURACIES

1.0% of full scale
2.0% of full scale
10% of reading
5% of reading
10% of reading

Voltmeter ,001 to 1000 volts
Amme ter .000001 to 1.0 amperes
Olimmmeter 0.1 to 0.2 ohms

0.2 to 500 megohms

500 megohms to 5000 megohms

4+ O+ 1+ I+ T+

Accuracies of these measure-

In addition to these measurements, the HP 4124 provides a DC amplifier output for
use with a recorder. This output is one volt at full scale reading, and is
portional to .he input for all other values.

EQUIPMENT NEEDED

1
)
3.
y,
5
6

pro-

Absolute DC Power Supply, 10 volt to 1000 volt range accuracy *0.2%.

John Fluke, Model 801. Potentiometric voltmeter; or equivalent.
Decade resistors, 0.1 ohms to 1 megohm range, accuracy *1.0%.

Precision resistors, range 0.1 through 5000 megohms, accuracy *1.0%.

Variable DC supply capable of supplying 0.1 millivolts to 10 volts,
at one ampere. .
Variahle transformer, General Radio variac or equivalent.

PREVENTIVE MAINTENANCE

Periodic preventive waintenance is not required of this unit.

CALIBRATION PROCEDURE

A. General Requirements

1.

Electrical power to the test unit must have been on for at least 15
minutes prior to calibration tests.

B. Specific Requirements

1.

R-3729P

Connect the VIVM to the variable transformer and adjust for 115V,
povwer switch on.

Turn the

E-1
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Instrumentation Manual
Instruction No. 5415
Page 2 of 3
Issued: 5/11/61

CALIBRATION PROCEDURES (Continued)

2

10.

11.

13.

14,

15.

16.

18.

19.

E-8

Set the FUNCTION selector to VOLTS AND POLARITY ewitch to + (Plus).
Connect the VIVM and tihe John Fluke to the variable DC supply.

Set the RANGE switch to the 0.001 volt range.

Adjust the DC supply for a 0.1 millivoli reading on the VIVM.

Adjust the John Fluke for a null and take a reading. Reverse the DC
input and VTVM polarity switch and note any difference in reading.

Repeat this procedure at one-tenth or one-third of full scale increments,
for all ranges, through the 10 volt range.

Disconnect the variable DC supply and the John Fluke, and connect the VIVM
to the absolute DC power supply.

"Check the VIVM readings against the absolute DC power supply dial set

through the 1000 V scale, following the procedure listed in step 7.
All readings taken must be within the accuracies listed on page one.
Disconnect the absolute power supply.

Set the FUNCTION selector to MA and POLARITY switeh to + (plus).

Connect the variable DC supply, a decade resistor and the VIVM in series,
and connect the John I'luke across the DC supply.

Adjust the variable supply for 0.1 volt and set the decade resistor for
one megohm. VIVM should read 0.l microamp. Heverse the polarity of the

VIVM and DC source and note any difference in reading.

NOTE: DO NOT EXCEED THE MAXIMUM CURIENT RATING FOR THE DECADE
RESISTANCE USED.

Adjust the variable supply and decade resistor for current readings of
one-tenth or one-third of full scale increments for all scales.

All readings taken must be within the accuracies listed on page one.
Set the FUNCTION selector to OHMS,.

Measure the precision resistors with the VIVM. All VIVM readinge must
be within the accuracies listed on page one.

Set the FUNCTION switch to VOLTS, and the RANGE switch to the one volt
range.
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Connect the variable DC source to the VIVM and adjust for a full scale
read ing.

Connect the John Fluke to the OUTPUT terminals and measure the output.
Amplifier output must be one volt within *1%.

Adjust the variable DC supply to various scale points. Output readings
must proportional to scale readings.

In the event the unit does not meet the requirements of this instruction, refer
to the operating and servicing manual for necessary adjustments and repairs.

R. J. Schultz
Metrology Standards Unit

wSC D. L. Bott - Supervisor
Metrology Standards Unit
Production Development Laboratory
RJS:DLB:sr
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GENERAL

The correct use of stemps to indicate inspection status of a product is the
reoponsibility of Quality Control Supervision and the individual inspectors,
Tyeinccving Drawings or Process Specification FA 606-2 shall dictate when a
pert is to be metal impression stamped.

5 I+ w311 be noted that Neosho and McGregor inspection stemps will have a letter
dssipnation to prefix the stemp number, Neosho stamps will be identified by

3 the letter "A" to prefix the stamp number, HNcGregor stamps will be identified
Ly the letter "S" to prefix the stamp number,

The follewing facsimiles of the types of stamps are presented for general
infornation and guidances

——— e ———a— 2

1, ACCEPTANCE STAMPS
’ .. NAR

1.1 TUsed to indicate dimensionel end functional INSP Fige 1
inspection on products that cannot be steel

stamped, Plastic, sizes 7/16" and 1" x 17,
Fig. 1.

1.2 Used on parts and pepervork to indicate di- |
mensional and funetional inspection, FPlastie,

cize 1/4", Steel, sizes 1/8" end 1/L%,
Fige 2,

1,3 Uscd by Rec:iving Inspection exclusively, for N
stamping raw stock, purchased products, re=-
ceiving reports, packing sheets, ete, Flastic, A R Fig 3
sizes 1/2" end 1%, Steel, sizea 1/L" and 1/8% it
Disrctere Flge 3 : 100

U MP B s G WS GBS D WS A -—----‘_--—--—--—--‘-—-—-—--

*Supersedes Re2,3.1 dated 16 Oct, 1953,
R-3729P B ' F-1
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1.L

1.5

1.5

1.7

1.8

issued, Fig. S¢

1,3,1 All Recelving Inspection Acceptance stamps .
indicete that the product so stamped complies
with the requirenmer*:c of applicable drawings
or specifications und has been functlionally
tested if required, Processes performed will
be identified by the appliceble stemps i.e,
X-ray, H.T., HT.4., Mage., Ultra,, and Pencirant,

The PHI symbol identifies parts or assemblies

PHI stamp will be affixed to parts or assem-
blies after inspection, Fig. L.

The rectangular acceptance stamp is used by
Inspection Supervision onlv, The stamp is

to be used by Research and Development, The >

Fig. b

, —
applied by placing the rectangle over the NAR
PHI stamp indiczting the part is acceptable ;SX

Fig. 5

for production use, The nurber on the stamp
identifies the indivicual to whom it is

Used to indiczte parts have been water wash-
able fluorescent Feneitrant iaspected and
identifly certified operater, Steel, sizes
1/8" and 1/L" Dizreter, Flastic, size 1/4°
Diameter, Fig., 6. '

Flucrescent Penetrant inspected and identify the
certified operator, Steel, sizes 1/8" and 1/4"
Diameter, Plastic, size 1/L" Diameter, Fig. 7.

Used to indicate pzarts have been Post Emulsified .

Used to indicate parts have been Dye Penstrant N
inspected (Kits) and identify the certified

operator, Steel, sizes 1/8% and 1/4" Dizmeter, A ®R
Plastic, size 1/4" Diareter, Fig, 6, XX

Fig., 6
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1.9 Used to indicste parts hove been None -
Liquid Oxygen (LCX) Sensitive Penetrant
inspected and identify the certified
operator, Steel, sizes 1/8Y and 1/1"
Dizmeter, Plastic, 1/L" Diameter,
Figo 9

Fige 9

>
X% =
0

1,10 Used on connectors'and tags attached to
electricel assenblies to indicate accept-
ance of solcering, TFig. 10,

Fig. 10

1.11 Used on ccmectors and tags attached to
electrical asserblies to indicate conti-
nuity eacceptance, Fige, 1l.

Fig, 11

1,12 Used to indicate the weld was acecriplished
by a certified weldor who is identified by
the number on the stamp, Fig. 12,

1,13 Used to indicate that a seanm weld cor &

spot weld hzs been accomplished, Fig, 12R, Fig. 124

SICICIE

2, MATERIALS REVIEW STAMPS

2.1 The withholding "I" stamp on parts and
pepervork indicates items very from
drswings or specificetions and require NAR
Vaterials Review action, Stamps ere
issued tc lMaterizls Review Board members 45 Fle. 13
and Inspection leadmen, Steel, sizes
1/L" x 5/16" znd 1/8" x 3/16", Plastie,
size 1/2" X 5/8"0 Figo 13,

2,1.1 The "D" stamp is not to be used when
parts may be reworked to meet originel
Engineering requirerents, reworked or .
zccepted per a Standard Repair, or ’
being returned to the supplier,
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2.1,2 Discrepent Purchaced items will be
up" stazmped, triangle stamped, only
after a decicion has been made o
accept them,

2,2 Materials Review acceptance stamp is used to
indicete acceptance of a specific discropancye
For stemping perts end pepervork and is zpplied
by interlocking the "D" stamp, This stamp is

tzsued only to Incpection Supervision and Me- NAR Fig, 1
terials Review Board Members on epprovel from { 80
the Materizls Revisw office, Steel, sizes

11/32" x 11/16" cnd §/32" x 11/€L", Plastic,
sizes 5/8" x 11/1€" and 5/16" x 11/32%,
Fig. 1l

2,3 Materizls Review rejection stamp for zpplie
caticn cn eny scragped iten and appliceble (NeR
papervork, Issued only to Inspection Super=
vicsion and Mzterizls Review Board lembers Fig, 15
on approval from the Materizls FReview Office, XX
Steel znd Plastic, sizes 1/2" x 5/8" and _
/4" x §/16", Fig. 15. _ o )

2.3.1 The "R" stamp is epplied on withheld
© items and identifies them as belng
irrepareble and unfit for producticn
use, The "R" siamp mzy be used on de-
tzil parts returning tc suppliers wnder
the following conditienss

2.3.1.1 aen parts ere of Pbcketdyne Desien,

2.,3.1,2 VWhen parts heave discrepcucies thet are
tre supplier's responsibility and ere
not accepteble as isg,

2,2,1,3 ‘hen revork of the perts, by the sup-
plier, to meet original requlrerents
is impossible,

2,3.1.i hen rework of parts, by the supplier,
to any other coniigurstion, by eny
rethod, will not be ecceptable %o
Rocketdyne,

2.3.,1.5 Vhen removal of starp by Haleriels
Review, if necessary, will b2 pose
gible without destroying ths tsoe
fulness of the pard,

R-3729P P-4
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3, XA~RAY STAITS T

3,1 X-ray stamp used by X-rey Laboratory Tech- : @
nicizns on parts that have been radiogrzphic Fig. 16
inspected, Steel and Flastic, Fig. 16 e

3,2 X-ray reject stamp used by X-ray Laboratery
Technicizns on items that have failed Radio- Fig, 17
graphic Inspection and are not revorkable, ’
Steel and Plastic. Fig. 17. A

e TEST STANMPS

i,1 Used by 211 Inspection sections on sheet HT
metel perts o032 gauge and under to in- Fig, 18
dicate the item has been hezat treat in- R
spected. Steel and Plastic, Fig, 18, 20

L.,2 Used on perts tc indicate they have HT
been hect treat inspected, Steel and R Fig, 19
Plastic, Fig. 19 20

L.3 Indicastes heat treat 2ging process has l | '
teen accorplished on 7SS meterisl of l“ ) Al rig, 20

lorge size. FPlastlic, Fige 20,

L. Incicates heat trezt age on small 758
parts and nmeterizls, Used also on appli-
cable pzperwork, Steel and Plastic,

Fig. A,
L5 Used by Production Development Leboratory ' D
persomnel to indicate that an operation
hacs been performed or a test has been P R L _m° 22
passed, Steel end Flastic, for stamping N

parts and paperwork, Fig, 22, {
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Pressure test stamp indicates item has
been satisfacterily pressure tested to
drawing or specification requirements,
Applied to parts and paperwork, Fig, 23,

Prelininary magnetic inspection stamp in-
dicates accomplishment of progressive mag-
naflux operation as required by Planning
Ticket, Do not confuss with final magna-
flux zcceptaonce starp, paragraph U.8.

Fige 2’40 .

Megnetic inspection acceptance stamp In-
dicates the® products end paperwork so
stemped have Yeen megnafluxed inspected,
The stamp number identifies the certified
operator, Steel and Plastic, Fig, 25,

Identifies the yoke znd powder method of
mzgnetic particle inspection, The stamp
nunber identifies the certified operator,
Plastic 3/8" Dizmeter, Fig. 26,

INFCRMATICN AND IDENTIFICATION STAIPS

5.1

542

Supplier vltresonic inspzction stirp in-
dicates ultrsscnic inspection has bzen
performed in =zccordence with CD-3211,
The nurnber identifics the sowrce,

Steel and Plastic, Fiz, 27,

Rocketdyne (Canoga) supplier or sub-
contractor icdentification stamp, The
number identifies the supplier, Steel
md Plas‘bic. Fig. 280

ANR .
PT | Fige 23

175
Fig. 2y

‘Fige 25

Fig, 26

Fige 27

“

Fig, 28

-
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S5e3 Steel parts that have been hardness tested
after heat treat by a supplier and meets
draving requirements, will be identified
with this stamp, The number identifies the
source, Steel and Plastic, Fig, 29,

5.1 Aluminum parts that have been herdness
tested after solution heat treat by a
supplier and meets drzwing requirements,
will be identified with this stamp, '
Steel and Plastic, Fige 29

5.5 Aluminum parts that hzve been hardness
tested after precipitation hardening
(aging) by a supplier and meets drawing
requirements, will be identified with
this stamp, Steel and Plastic, Fig, 30,

Se€ Aluminum alloys which do mot require pre-
cipitzticn hardening (aging) 2024 (2LS),
2017 (17S), and have been harcness tested
after rocm temperature zging and meet draw-
ing requirements, will be identified with
this supplier stemp, Steel and Plastie,
Fige 1. -

5.7 Rocketdyne (Neosho) supplier stamps will
have sn "R" at the top of the stemp and an
A" prefix to the number, Steel and Plastie.

Fige 32,

5.8 This stamp is used by production leadmen,
The number on right identifies the employee,
The number on the left indicates the departe o
ment, Fige 330 X

5.9 Dept, of Defense Stamp used by the customer,
Piz. 34,

LAy
g .

Fig, 29

Fig. 30

Fig. 31»

Fig, 32
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Dt ::.mly bes b en balanc°d in Fig, 3%
socordenice with drewing or <peclflca‘c10n : :
requireents, Fig, 35.-

~oduvction inspzction to indicate
ileve, H.gpll@d on parts end psper

{7795 RELIEVE STRESS RELIEVED .

o e A
'
T e e
i AR
WL

This stamp indicates pzrt has been FTCH )

etched, Applied on part end paper Fig. 37

¥or¥. Fig.‘ 37, DATE

This stamp indicates the part has hzd

”
rmzd and is epp iy -
& baking process perfcrmzd and is epplied E ! Fig. 33

%o papar work, Fig, 38, s

Thes Crege Sym entifies Fel parts

I eornone i ory to be ured by

Foscrveh ond Lointy  The Oimzma

ot AR R X ~: 4 to eon sonents Fig. 39
ftee ron whrses Uy dncpzebiea end

poecen Yed %o wpi.. 506 shores, Fige 39

A « Avtonctics

B - Colelms

L - log frglss

H e «iipe-]'i .t_ wve'!cmusf-’f

R « Rocketdyus .

N = Atonics Internstional (evcept ingpestien
scceptance and materdels review ghomps)

R-3729P
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6o A typical acceptance stamp for the three plants is illustrated

belows .

6.1 Canoga Neosho McGregor
NAR NAR NAR
INSP . INSP INSP
100 AlOO ' Si00

N
A R
100

6,2 A survey reveals thct the illustrated stemps, herein noted
by Fig. No., sre the ones requiring a letter prefix for
Plant identification: '

Figure Numbers are - 1, 2, 3, 6, 7, 8, 9, 10,-13, 1L, 23,
2l;, 25, 26, and 35,

4=m‘







